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IF IT'S HOT 
YOUR PROFITS 


ARE LEAKING AWAY 


TWECO REDHEAD 
GROUND CLAMPS 


A BETTER GROUND CONNECTION 
FOR MAXIMUM WELDING 


EFFICIENCY 


EASY ON —EASY OFF 


id They bite like a bulidog 


Three sizes for a complete range of manual weld- Heat is undesirable in a welding circuit except at 
ing needs; high copper alloy construction with the point of weld metal deposit. Serious loss of arc 
welded jaw shunts for maximum conductivity and time can frequently be traced to a poor ground. 
efficiency. Positive grounding; strong jaw grip; Switch to TWECO Redhead ground clamps and get 
easy to install bolt and clamp cable connector. more profitable man-hours in your welding shop. 


Write for Twecolog 
+7 giving data and 
prices on the com- 
plete TWECOline of 
electrode holders, 
ground clamps and 
cable connections 
for electric welding 


Redhead Model! Amp. Capacity Cable Capacity Price Write for 
Midget 125 Ampere No. 6, 4, 2 $1.50 | Quantity prices. 
Jr. 300 Ampere & & t, 17 3.00 | They save you 
Sr. 500 Ampere 1/0 thru 4/0 4.50 10 to 27% 


FOR ELECTRIC WELDING 


W PRODUCTS COMPANY 


ENGLISH AT IDA * WICHITA, KANSAS 
SEE YOUR WELDING SUPPLY DISTRIBUTOR 


MANUFACTURERS OF ELECTRODE 
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60 CABLE CONNECTIONS 
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fompare 
/ HOBART 


electrodes 
and see the 
difference 


No matter 
whether you are 
using A.C. or D.C. 
welders, on light work or 
heavy, overhead or down 
hand—there's a HOBART 
electrode made to give 
you better results. 
Satisfy yourself. Write for 
samples today, make your 
own comparison tests. 
HOBART BROTHERS CO. 
Box WJ-69, Troy, Ohio 


Remote 
Control 
is standard 
equipment 
on Hobart 


HOBART brothers co., box WJ-69, Troy, Ohio 


“One of the world's largest builders of arc welders” 


se control 


Built-in convenience features make it easier to 
do better welding and more of it with Hobart 
D.C. Welders 


Operator can select proper welding heat with 
exclusive Remote Control. This and many other 
features save time, improve efficiency, eliminate 
rejects. Check the coupon for full details. 


Lahn’ 


Your most depend- 
able Accessories 
source 
It's easy to order your WN 
requirements with as- \ 
surance of getting the — 


~ 


best for the purpose ~ 
intended. A 


The line is complete 


Shields, goggles, electrode holders, 
protective clothing, tools—every 
+ thing needed for top efficiency. 
Send for complete catalog. 


Hobart Brothers Co., Box WJ-69, 
TROY, OHIO 


A wealth of IDEAS for practical 
ae welding 
DESIGN 


Here ore 3 Big Vol 


the “Hobart Industrial” is 


your welder 


choosing Hobart, and 
reasons 


welds in all positions 


ond COMPARE. 


“One of the world’s largest 
builders of arc welders” 


If you'd rather weld with .. . 


C. welders 


Experienced users of A.C. welders ore 
for very good 
Increased welding speeds 
lower power consumption, high quality 
greater conven- 
ience, lower maintenance costs—these 
cre but a few of the many benefits 
offered in this most modern of all A.C 
welders. It will pay you to get the facts 


Send for details 
Use the coupon 


HOBART A. C. WELDER 
AND A.C. POWER GEN- 
ERATOR... ALL IN ONE! 


Flip of switch provides 
either welding current or 
power for lights, tools, ete. 


This gasoline engine driven welder is 
actually two machines in one. Can 
be used anywhere, independent of 
power lines, for A.C. arc welding or 
as an A.C. power unit. 


A.C. Welder—A.C. Power Unit 
Hundreds of profitable uses make 
this the most outstanding equipment 


ever offered. Two sizes: 200 Amp. 


welder with 5 K.W. and 300 Amp. 
Check 


with 8 K.W. power coupon. 


D.C. Welder—A.C. Power Unit 

A full capacity 300 amp. D.C. welder 
with Auxiliary A.C. power of 6 K.W. 
is available in Hobart's complete line 
of gas engine driven welders. Also 
made with 12 K.W. Auxiliary Power. 
Check the coupon for full data. 


TRAILER MOUNTINGS AVAILABLE 


for use with gas engine driven Hobart 
Welders. Rugged, Economical. 


— 


Hobart Bros. Co., Box WJ-69, Troy, 0. 


S 
Road Trailer Yard Trailer Speea Trailer 
Two Wheels Steel Wheels Four Wheels 
Complete Training Course in Welding 
Learn Ictest techniques, use most modern 
equipment in this non-profit institution. 
Enroll today 


Hobart Trade School 
Box WJ-69, Troy, 0. 
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umes of 100 Designs 
each showing money 
saving helps to better 
| welding. Price each 
| Volume $3.50. Com 


plete set 3 Books $10 
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New! Complete! 


arc welder 
catalog 
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Send Hobart Electrode Catalog 
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WILL LICK 
YOUR HARD FACING PROBLEM! 


Eleven hard facing electrodes in the M &T line provide the 
answers to a wide variety of problems in hard surfacing 
and building up of worn parts. 


The Hardex group—four easy to use low alloy rods which 
operate and perform like mild steel electrodes provide 
low cost hard facing where required hardnesses are from 
200 to 600. Deposits are air hardening. Qualities may be 
altered by heat treating. 


The five Aluminum Bronze and two Tool Steel electrodes 
ore for special applications such as building up or facing 
bearings, tools and dies. 


Write for descriptive data. 


M&T Hard Facing electrodes are members of the “Select 
70"—a group of seventy outstanding electrodes offered by 
M & T—along with M & T AC and DC welding machines 
and M&T accessories—to give you everything needed for 
arc welding—arc welding of top-notch quality. 


METAL 2 THERMIT CORPORATION 


120 Broadway New York 5, N. Y. 


NEW ARC WELDERS BOOST 
AC and DC PERFORMANCE 


| gery welding, better quality 
welds, lower power costs, and 
simplified maintenance are furnished 
by a new line of AC and DC are 
welders introduced by Metal and 
Thermit Corporation. 

Built-in capacitors for high power 
factor, wide current range for jull 
rated output, and, fingertip, stepiess 
current control for precise current set- 
ting are featured in the AC units. 
Available in 150 to 500 amp. models 
for manual arc welding, additional 
models for inert arc and automatic 
welding. 

Full capacity, rugged duty DC are 
welders are compact, light in weight 
half the size and half the weight of 
older types-—-and are equipped with 
simplified current control, automatic 
electrode selector. Furnished in 150 to 
400 amp. sets motor driven, engine 
driven or belt drive. 

Descriptive folder gives full par- 
ticulars. Address Metal and Thermit 
Corporation, 120 Broadway, New 
York 5, N. Y. 


ACCESSORY 
DIVIDENDS DECLARED 
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the importance of 
proper accessories to top weld- 
ing performance, more and more fab- 
ricators are taking pains with selec- 
tion of accessories. Speedier, lower 
cost, safer and improved welding are 
assured when such items as helmets, 
shields, holders, connectors, cleaning 
tools and protective clothing are care- 
fully selected. And more and more 
fabricators—sold on M & T electrode 
and arc welder performance are 
specifying the M & T line of “‘acces- 
sories to the perfect weld.”’ For de- 
scriptive literature, address Metal and 
Thermit Corporation, 120 Broadway, 
New York 5, N. Y. 
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Special Tips and Holders? 


Our Files May Contain The Right Answers For You 


Phe drawings shown here are only a few of the thousands that are cata- 
loged and indexed in the Mallory resistance welding engineering files. 


For the past 20 years we have been designing spec ial resistance welding 
electrodes to handle jobs for which standard equipment was inadequate. 


\s a result we now find that many of these “special” problems presented 
to us are promptly answered at a great saving of time and expense bv a 
design already in our files. 


That's why it pays to check with Mallory—first to see if the widely inter- 
changeable line of standard Mallory tips and water-cooled holders will 
not handle your job—and next to see if a special design from Mallory’s 
extensive files won't handle it at a substantial saving to you. 


Remember, Mallory is the only supplier of resistance welding materials 
with a completely equipped research laboratory and engineering depart- 
ment specifically devoted to problems that arise in this field. 


In Canada, made and sold by Johnson Matthey & Mallory, Led., 110 Industry St., Toronto 15, Ontari« 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


MALLORY 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


SERVING INDUSTRY WITH 


Capacitors Rectifiers 


Contacts Switches 


Controls Vibrators 
Power Supplies 


Resistance Welding Materials 


\ 
ig \ \ i} \ 3 
. 
P.R. MALLORY & CO. Inc. Y 
519 | 


WELDING 


published for the advancement 
of the science and art of welding 
by the 


AMERICAN 
WELDING SOCIETY 


Editor 
W. SPRARAGEN 


OFFICERS 
G. N. Sieger President 
O. B. J. Fraser Ist Vice-President 
Harry W. Pierce 2nd Vice-President 
K. S. Donald Treasurer 
J.G. Magrath Executive Secretary 


M.M. Kelly Secretary and Asst. Treas. 


Simon A. Greenberg Technical 
Secretary and Handbook Editor 


DISTRICT VICE-PRESIDENTS 
District «1-—New York and New England 
George M. Trefts, I 
District «2—Mid-Eastern 
Gerard E. Claussen 
District Southern 
R. E. Lorentz, Jr. 
District +4—Central 
Fred L. Plummer 
District «5 —Mid-Western 
J. R. Wirt 
District —Mid-Southern 
Ray L. Townsend 


District «7 Western 
Gilbert S. Schaller 


volume 28 JUNE, 1949 number 6 


CONTENT 


technical papers, items and reports 


Development of Pressure Vessel Codes, by Elmer O. Bergman 

Sound Welding, by Simon A. Greenberg...... . 
The Laboratory in Resistance Welding, by F. R. ened and E. F. Holt 
Current Welding Literature 

Metallizing in Relation to Marine Engineering, by J. Barrington Stiles 


practical welder and designer 


Save Steps with This Table, by L. W. Young. . 

Jig for Tacking Cylinder Girth Seams, by H. A. Huff, Jr. 
Designing for Welding—Part VI, by Wallace A. Stanley 
Welding Galvanized Pipe, by H. E. Simkins 

How to Weld Sheet Steel, by K. H. Koopman 

Ironing Out Crumpled Fenders, by F. C. Geibig 

Two Useful Ideas, by Duane R. Maxwell. . 

Getting Ready to Bronze Weld, by K. H. Koopman 

A Special Treat for Plowshares, by W. B. Sharav. . 
Cutting Makes the Job Easy, by E. M. Holub 


society and related events 


Society News 571 Abstracts of Current Welding 

INDEX TO ADVERTISERS 578 Patents. 

Personnel... 580 List of New Members 

New Literature , 5s4 Section Activities 

News of the Industry . 582 Employment Service Bulletin 

New Products... 593 Tentative Program Annual 
Meeting 


welding research supplement 


Fatigue of Welded and Riveted Trusses, by Dr. C. Cerardini , 241-s 
This Thing Called Weldability : 246-s 
Belgian Research Work 264-s 
Pearlitic Structure Effect on Brittle Transition panei by Nic hol: us 
Grossman 265-s 
The Porosity of Welds, by J. ter — and G. J. van Wijnen 269-s 
Final Report Weld Stress Committee 271-s 
Welded Joints in Thick Aluminum Plates, by C. B. Voldrich 275-s 


corer: Spot welding aluminum assembly 
Courtesy Aluminum Company of America 


Published monthly by the American Welding Society. Publication office, 20th and a 
Streets, Easton, Pa. Editorial and general offices, 33 West 39th St., New York 18, N. Y. Adver- 
tising office, 400 Madison Avenue, New York 17, N. Y., Telephone: Plaza 3-4466. Subscriptions 
$5.00 per year in United States ‘and possessions; foreign countries $7.00. Single copies, non- 
members $.75; special issue October $1.00; members 50 cents. Entered as second-class matter 


January 5, 1932, at the Post Office at Easton, Pa., under the act of March 3, 1879. 


Copyright 1949, by the*American Welding Society. The Society is not responsible for any state- 
ment made or opinion expressed in its publications. Permission is given to reprint any article 
after its date of publication provided proper credit is given. 


: 
the 
523 
526 
531 
540 
56 ~ 
i 
561 
562 
a 563 
566 
567 
obi 
568 
4 - 
569 
569 
= 599 
602 
| 
610 
4 
611 


Swing into 


Mass Production 


with UNIONMELT 
Welding... 


It is automatic—fast—easy— Makes top 
quality welds—Gives maximum pro. 
duction with a minimum of space. 


The extremely high currents that can be used with 
Unioxmect welding result in deep penetration and high 
welding speed. The weld metal is clean, uniform, and 
dense: and requires no chipping or peening to finish it. The 
Unionme tt welding is ideally suited to repetitive work. 
Material from 16 gage to 1!» inches in thickness can be 
welded in a single pass with this process. By using the 
proper grade of UNtONMELT composition and welding rod. 
alloy steels and even non-ferrous alloys can be welded as 
easily as the regular grades of mild steel. 

There are many Lixpe methods for joining, forming. cut- 
ting. and treating metals. Linpe engineering service is 
always on call to help customers with production, construc- 
tion, and maintenance jobs. Just call the nearest Lixpt 


lice. 


Trade-Mark 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 

General Office: New York, N.Y. [fg Offices in Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The words “Linde.” and “Unionmelt™ are registered trade-marks of 
The Linde Air Products Company 


Welding heavy-duty grader 
wheels by UNtONMELT welding. 


Here are the parts that make up 
a heavy-duty wheel. 


Here are the completed wheels— 
ready to roll. 
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Designed for users of small acetylene 


cylinders where hourly gas consumption 
and space is limited. 


VICTOR'S new Midget Regulators weigh only 
7 MODELS TO FIT MANY NEEDS 


1 Ib. 12 ozs. Constructed simply ... any part 
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may be replaced and regulator reassembled 
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using propane or butane. 

Oxygen Line Regulator for inlet 
pressures of approximately 200 psi. 
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ing, and silver soldering. 

Carbon Dioxide Regulator with * 
needle valve; similar to #7402. 


Carbon Dioxide Regulator, similar FOR WELDING 
to #7402 and #7405, but has petcock 


mines VICTOR EQUIPMENT COMPANY 
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compressors, paint sprayers, small 844 Folsom Street, San Francisco 7, California 
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balanced against economy. 


by Elmer O. Bergman 


CODE is a system of principles, rules or regulations 
Codes are written 
We shall limit 


this discussion to codes for safe construction, and 


@ relating to a given subject 
[i teocovera variety of fields of work 
particularly to codes for the construction of unfired 
pressure vessels. 

The definition of a code as a set of rules or regula- 
tions implies some sort of compulsion. This compul- 
sion may be either legal or moral. The prov isions of a 
code may be carried out either by legal enforcement ot 
by voluntary agreement through contract or custom 

Just as we ean consider government under the three 
divisions of the legislative, the executive and the 
judicial, so we can break down code actiy ity into draw- 
ing up the code, enforcing it and interpreting it. The 
work of drawing up a code is done by its sponsor organi- 
zation. The sponsors may represent one or more of the 
groups affected by the code, such as producers, users, 
insurers, material suppliers, government, contractors 

Examples are (1) The Electrical Safety Orders of the 
California Division of Industrial Safety, a government 
agency. (2) The Specification of the Design, Fabr ea- 
tion and Construction of Structural Steel for Buildings 
of the American Institute of Steel Construction, a pro- 
ducer group. (3) The National Electrical Code of the 
National Fire Protection Asscciation, a group largely 
directed by insurers 

The ideal sponsor organization should represent the 
various points of view of those concerned with the code. 
The code-writing group should strike a reasonable 
balance among producers, users and general-interest 
groups, and should give proper representation to in- 
Professional socie- 


dustries and to geographical areas 
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evelopment of Pressure-Vessel Codes 


® How codes are prepared, revised and interpreted. 
Some provisions of the A.P.1.-A.S.M.E. Code 


Safety must be 


ties, such as the AMERICAN WELDING SOCIETY, are an 
ideal means for accomplishing this. 

Code rules cannot go beyond the knowledge, experi- 
ence and judgment of the group that writes them. A 
diversity in the interests of the group members and in 
the areas they represent will result in better rules than 
those from a group of narrower interest. Consider, 
if you will, the greater safety to personnel that an 
electrical code sponsored by a general-interest group 
would prov ide, compared with one sponsored by a group 
whose primary interest relates to fire protection. 

Sponsor organizations are in general non-govern- 
mental agencies. To secure voluntary acceptance of a 
code under such sponsorship, there should be a real 
need for the code, it should embody the latest and best 
knowledge on its subject, and it should deal impartially 
with the different groups that it affects. Codes so 
sponsored are often adopted by regulatory bodies when 
they deem that voluntary acceptance does not accom- 
plish the desired result. This cooperation between 
the sponsor organization and government promotes 
safety through each performing the part he is best 
fitted to do. The sponsor furnishes the technical 
knowledge of materials, design and fabrication that is 
needed to define a standard of safety. Government 
through its enforcement authority sees to it that every- 
one lives up to this standard. 

An important concomitant of this cooperation be- 
tween a national organization and governmental groups, 
is the establishment of a high degree of uniformity in 
the requirements of the different states and cities. 
This is an important consideration in an economy such 
as ours that is so largely dependent on mass produc- 
tion. 

Our comparison of codes with government breaks 
down when we come to consider the judicial phase. 
We do not find a separate group charged with the work 
Interpretation is divided be- 
tween the sponsor group that writes the rules and the 
regulatory group that enforces them. What is the 


of interpreting codes. 
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basis for dividing the work between the two groups? 
As I see it, the principles of division are clear. One 
group deals in general terms, the other in particular 
applications. The sponsors who write the rules have 
the responsibility of saying just what the rules mean 
and of defining the limits of their application in general 
terms. If a rule is ambiguous, it is their duty to re- 
write it in clear language. When and if technology 
develops new materials or new methods, the sponsors 
should make changes and additions in the rules to 
cover them. 

It is common practice to revise codes periodically. 
The frequency of revision depends on the rate of tech- 
nical development in the field and, we may assume, on 
the energy and interest of the code committee. Too 
few code groups have made adequate provision for 
handling interim interpretations and extensions of the 
rules. Happily more and more code groups are recog- 
nizing their obligation to provide machinery for answer- 
ing the questions: What does this rule mean? What 
provision is made for this type of construction? 

The regulatory body has the responsibility of judging 
whether a given rule applies to a particular case. 
Through its inspectors it answers the questions: Does 
this rule apply to this construction? Does this con- 
struction meet the requirements of this rule? This 
job of the inspector is a big job and an all-important 
job. To do it properly, he must have adequate rules, 
unambiguous rules to work from. 

The purpose of a safety code is to provide a reason- 
able degree of protection for life and property from the 
hazards incident to the use of the constructions covered 
by the code. The code should strive for a balance 
between the degree of hazard and the probable nature 
and extent of damage, on the one hand, and the degree 
of safety that the public can afford to pay for on the 
other. 

The old-world story my mother used to tell comes to 
mind in this connection. An old woman was loading 
wood on her cart. As she added stick after stick she 
kept saying to the horse, “If you can take that one, 
you can take this one. And if you can take that one, 
you can take this one,” until she had piled on all that 
the cart would hold. What a fine load of wood she had. 
It would keep her warm for many a day. The only 
trouble was, that try as he might, the poor horse 
couldn’t move an inch with the load. 

Like the old woman, we can overlook the strength 
of the horse, and pile on rule after rule, each aimed 
at greater safety, till we have more than the economy 
ean carry. The sequel of the story is equally instruc- 
tive. Finding the load too great she started unloading. 
Now her refrain ran thus, “If you can’t take that one, 
you can’t take this one.” No need to tell you the 
result. Neither is there any need to point out the 
difficulty of striking a reasonable middle ground, 
whether in loads of wood or in rules of safety. 

Many codes recognize differences in hazard and prob- 
able damage. The A.S.A. Piping Code sets up use 
areas that are considered to have different degrees of 
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hazard. The A.S.M.E. Boiler Code provides one set 
of rules for fired boilers and another for unfired pressure 
vessels. The A.W.S. Code for Are and Gas Welding 
in Building Construction recognizes certain welding 
procedures that do not require qualification while 
others whose safety is not so well established have to be 
qualified. All this leads to the conclusion that codes 
are becoming more explicit, more selective, more exact. 
There is more knowledge and science, less of the earlier 
empiricism and extrapolation. This, of course, is just 
what we should expect. 

Let us consider briefly how this development has 
taken place in the field of pressure vessels. Our know!l- 
edge concerning them is a development of the present 
century. Williams D. Halsey, in outlining the history 
of boilers at Boston last spring, told us that as late as 
the 1890’s, “mysterious agency” theories of boiler 
failures still received widespread support. 

The first edition of the Boiler Code was issued in 
1915. The A.S.M.E. Unfired Pressure-Vessel Code 
celebrates its twenty-fifth anniversary this year. The 
first edition appeared as a modest booklet, 38 pages, 
including title page and materials specifications. The 
group that wrote it was largely from the boiler indus- 
try and, except for welding, the rules were largely a 
compilation from the Power Boiler Code. 

Different groups approach a new field of knowledge 
from different directions. Each looks at the field from 
a different point of view and explores it in a different 
way. Each group systematizes the knowledge it 
gains, builds theories on it, bases rules on it. Such an 
approach to a subject tends to establish it on a broad 
base and has much to recommend it. If more than one 
group sponsors a code in the beginning, that need not 
be something to frown upon. 

Such has been the history in the pressure-vessel 
field. The oil refinery industry is a pioneer user of 
pressure vessels. Their need for gas-tight vessels led 
to early development in the field of welding. New 
materials have been required to combat corrosion. 
Year by year we have seen larger and larger vessels, 
higher temperatures and higher pressures. A code 
to meet the needs of this industry was brought out in 
1934. It was written by a group from the American 
Petroleum Institute, with A.S.M.E. joining in as co- 
sponsor. With its refinery and user origin, it differed 
in many respects from the A.S.M.E. Code with its pre- 
dominant boiler and producer background. 

The difference between these first codes was more in 
what they emphasized and what they omitted than in 
disagreement on the material that they had in common. 
The principal differences in this common material are 
in the factor of safety and in the way in which joint 
efficiency is handled. 

Hard on the heels of the A.P.L.-A.S.M.E. Code came 
efforts to write a single code on which both groups 
could unite. With it has gone another equally impor- 
tant work, that of writing rules to cover phases not 
included in the earlier codes. Such rules, developed 
sometimes by one group, sometimes by the other, some- 
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times jointly, have mostly been adopted by both codes. 


This common adoption has greatly increased the num- 
ber of rules that are the same in the two codes. 

The special committee that was set up to revise the 
Unfired Pressure-Vessel Section of the A.S.M.E. Code 
has produced draft after draft. Public hearings on the 
revision have been held here in Los Angeles, in Houston, 
and in New York. The final draft is now being set 
up in galley proof. At the same time the A.P.L.- 
A.S.M.E. Code Committee has been working on a 
revision of that code. 

The changes involved in these proposed revisions are 


too numerous to cover in detail. I shall limit myself 
to an enumeration of the more important ones. Before 
I mention any of them, may I add a word of caution. 
These rules have not yet been finally adopted. There 
may be some last-minute changes. Not many, but 
they may affect the particular rule that you may be 
most interested in. 

Perhaps the most important change is the adoption 
of a common method of assigning joint efficiencies. 
The procedure followed by the A.P.L-A.S.M.E. Code 
replaces that of Pars. U-68, U-69 and U-70 and the 
more recent U-200 and U-201. This gives greater 
flexibility in fitting the design to the needs and hazards 
of the intended service. 

Of almost equal importance are the changes in the 
tables of maximum working stresses. The stress values 
up to 650° F. are based on a factor of safety of four. 
For structural grade steels, the stress is further reduced 
by the application of a quality factor. We may look 
further for the elimination of the difference between the 
stress values at the higher temperatures that now 
separate the two codes. 

A third point of difference has been the test pressure 
This is now on the way to being standardized at 11/, 
times the allowable working pressure. The A.S.M.E 
has already taken a step in this direction by the 
adoption of Case 1087, permitting test pressures of 
1'/s times the working pressure for all types of power 
boilers 

Differences between the codes in the rules for 


fabrication and inspection have long been the bane of 
fabricators and inspectors. The A.P.I.-A.S.M.E. rules 
were written later and on the whole have wider cover- 


age and clearer expression. The New Section Vill 
adopts them for the most part. What changes are 
made are usually to make the rules still clearer. 

The rules for figuring reinforcement of openings are 
revised to agree quite closely with the present A.P.1.- 
AS.M.E. rules. Rules are added to cover the design 
of dished heads. These follow Case 997. Both codes 
adopt rules for applying quality factors to castings 
based on Case 986. Both propose changes in the rules 
governing pressure-relieving devices. Both will have 
procedures for identifying unmarked materials. A 
rule that should be acceptable to all has been worked 
out to provide for inspectors in the employ of users. 
It was written by a committee of nine representing the 
A.P.I., the A.S.M.E. and the National Board. 

A.P.1.-A.S.MLE. are studying changes to bring that 
code in close agreement with the New Section VIIT. 
These include adoption of the rules on low-temperature 
and those on high-alloy material, in addition to those 
already mentioned. 

What is the effect of this approach to uniformity in 
the two codes? What are the chances for agreement 
on a single code? If I were called on to make a pre- 
diction, I would say that the chances are good. My 
prediction would be based on the way codes in other 
fields have developed. 

Earlier, I mentioned the tendency to bring out more 
than one code in the early stages of development. Such 
early codes are fragmentary. There is not too much 
overlapping coverage. The material common to these 
codes increases with increasing knowledge and experi- 
ence, until finally the difference settles down to one 
approaching Tweedledum and Tweedledee 

When such a time arrives, the immense advantage of 
a common code makes itself felt. The great body of 
users are not impressed by arguments over minor points 
of disagreement. Settle your differences, they say, and 
give us a single code with which to work 

The A.LS.C. Specification for the Design, Fabrica- 
tion and Construction of Structural Steel and the 
A.W.S. Standard Qualification Procedure, to name but 
two, are examples of the acceptance of a well-developed 
code as a universal standard. All the comments I have 
heard on the New Section VIII confirm my belief that 


it too is destined to gain universal acceptance. 
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The internationally known book on the above subject originally written by Henry & Claussen 
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Sound Weld 


® A brief interpretive outline of the standardization and 
code activities of the Society and how such activities 
may be utilized in specifying and securing good welding 


by Simon A. Greenberg 


HETHER welding was known to the ancient 

/@) Egyptians, as is claimed by some, or whether its 

first use was in the blacksmith’s shop of the horse 

and buggy days, none of these earlier practitioners 
would associate the welding practices of industry today 
with the crude methods known in those early days. 

So great are the changes and so numerous have been 
the developments of the past few years that even the 
industrial applications of welding during World War 1, 
when welding was first used to any significant extent 
in the United States, now are outmoded almost to the 
extent of being purely of historic interest. 

It was because these earlier users of welding recog- 
nized how much development there would be, and how 
the applications of welding would grow and expand to 
different fields, that they grouped together in 1919 and 
organized what has become the AMERICAN WELDING 

During World War I, The Emergency Fleet Cor- 
poration established a group of engineers to plan the 
use of welding in a national shipbuilding program 
always vital in wartime. With the end of the war, 
these engineers sought to establish a channel through 
which information on new applications of existing 
methods, and developments of new methods and proc- 
esses relating to welding could be widely disseminated. 
There was also a need for a common meeting place for 
the welding-minded to get together and exchange ideas 
and experiences. 

The history of welding since that time is the history 
of the American WeLDING Soctery. 
recognition of welding as a sound joining method is re- 
flected in the increase in the American WELDING 


The increased 


Sociery’s membership and activities. A review of the 
membership and activities today would show that 
every principal industry in the United States is repre- 
sented. 

No single phase of the Soctery’s activities better 
reflects the widespread use of welding than what we 
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generally call the “Technical Activities” or “Standardi- 
zation Activities.” 

These technical activities comprise the preparation 
of standards generally in the form of codes, specifica- 
tions and recommended practices and the dissemination 
of these standards so as to be of the greatest assistance 
in accordance with the aim of the Sociery to promote 
the sound use of welding. 

The welding standards of the Sociery serve three 
purposes. They serve to effect the standardization of 
materials and practices in industry, as a basis of regula- 
tory provisions and as a source of general information 

The desirability of voluntary standardization of 
materials and practices by industry is too well recog- 
nized to require much further comment. It provides 
assurance of uniformly good quality under diversified 
fabricating conditions, or, in the case of materials, it 
permits the fabrication of a product using predeter- 
mined procedures according to the known character- 
istics of the materials involved and a ready interchange 
of materials such as welding rods and electrodes and 
equipment such as are welders. 

Since the AMERICAN WELDING Society is not a regula- 
tory body its standards are mandatory only when 
adopted by enforcing agencies. The adoption of these 
standards for administrative purposes has been pro- 
moted since they assure sound welding yet avoid the 
adoption of unduly prohibitive requirements. As an 
example. the Standard Code for Are and Gas Welding in 
Building Construction is the basis for the welding re- 
quirements found in the municipal administrative 
code of every principal municipality in the United 
States, as well as the principal State Building Codes and 
the standard codes of building official's organizations 
such as the Pacific Coast Building Officials’ Conference 
and the Southern Building Codes Congress. 

By the nature of the information contained in 
recognized standards they are, of course, a source of 
good information on recognized practices and materials 
and thus have an educational value. To supplement 
the requirements of our standards and to provide in- 
formation which does not properly belong in a standard, 
yet is helpful in the use of the standard, a policy has 
recently been adopted whereby an appendix is added to 
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each standard issued, either giving more detailed prac- 
tical information as in the Filler Metal Specifications or 
explaining the philosophy and intent of new provisions. 
This has proved extremely helpful and should be 
considered for adoption by other organizations. 

Where experience has shown that a subject requires 
very expanded treatment, attempt has been made to 
have a book written on the subject. Although formerly 
such books have been of a fundamental nature, as 
Welding Metallurgy, the Soctery is now planning to 
publish books relating to specific applications. The 
first of this type is Practical Design of Welded Steel 
Structures, which contains typical structural details and 
discussions on practical interpretations of the Standard 
Code for Are and Gas Welding in Building Construc- 
tion. 

Preparation of each standard is by a technical com- 
mittee comprising representatives from industry, bal- 
anced within reason among producers and consumers 
and selected so that all interests in the particular com- 
mittee’s activities will have proper representation. In- 
cident to their operation the technical committees pro- 
vide an opportunity for their members to exchange 
ideas and experiences as well as to discuss questions of 
mutual interest. With membership of technical com- 
mittees being geographically disposed over the United 
States, this makes it possible for members in one area to 
find out what others in some of the other areas are 
doing in similar fabrications. In some degree, this has 
created uniform practices by common understanding 
and without written standards. 

One of the best criteria for measuring the transition 
of the welding industry is the growth in the size, scope 
and number of technical committees since the So- 
cleTy’s organization. The number and nature of these 
committees have been changed to keep pace with in- 
dustrial requirements. New committees are organized 
after careful investigation shows that a real need 
exists, not otherwise filled by existing committees. 

The most common basis for judging the need for a 
new committee has been the requests for its organiza- 
tion from industry itself. Thus the American WeELD- 
ING Society's Committee on Welding in Marine Con- 
struction was organized when the shipbuilding industry 
found that an increased use of welding in the fabrica- 
tion of ships made it desirable to standardize practices 
and to provide for the exchange and correlation of in- 
formation among the shipbuilders, shipowners and the 
regulatory bodies including the U. 8S. Navy, American 
Bureau of Shipping, the U. S. Coast Guard and the 
U.S. Maritime Commission. Similarly when author- 
itative information on the application of welding in 
structural steel fabrication was needed for guidance of 
building officials as well as designers and fabricators, 
the Committee on Building Codes was organized. 

In the early stages, standardization was for the most 
part conducted on the basis of applications. It became 
evident, as welding was used by more industries, that 
need existed for standards in basic matters common to 
all applications. Committees were then organized to 
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formulate standards on welding nomenclature and defi- 
nitions, symbols, filler metal, safe practices and 
training and qualifying welding operators. 

The expansion of the AMerIcAN WELDING Sociery’s 
technical committees has continued so that today they 
number twenty-two as shown in Fig. 1. In addition the 
single block, ““A.W.S. Representatives to Other So- 
cieties,”’ at the bottom of the chart includes more than 
twenty individual representatives on technical com- 
mittees of such organizations as the American Stand- 
ards Association, American Society for Testing Ma- 
terials, American Transit Association, Association of 
American Railroads, American Institute of Electrical 
Engineers and Heating, Piping and Air Conditioning 
Contractors National Association, as well as many 
others. These A.W.S. representatives provide the 
cooperation of the Socrery in standardization activities 
within particular industries in which welding is only 
one aspect of the over-all standardization program. 
Committees, subcommittees and special groups number 
over 100 and their membership includes over 400 
industrial leaders from every field and every loca- 
tion. 

It will be noted from the chart in Fig. 1 that the 
Committees are grouped in four major categories, all 
under the jurisdiction of the Technical Activities Com- 
mittee. This committee comprises the Chairmen of all 
the individual technical committees with not more than 
three members-at-large serving by appointment of the 
president of the Society. The Technical Activities 
Committee, which has jurisdiction over all of the 
standards activities, is the administrative body to 
which the Board of Directors looks for recommenda- 
tions on these activities. Close correlation of all tech- 
nical activities is effected through the staff at head- 
quarters under the Technical Secretary, who also serves 
as Secretary of the Technical Activities Committee. 

Referring again to Fig. 1, it will be noted that all of 
the committees whose activities relate to such basic 
matters as definitions, symbols, safe practices and filler 
metal are grouped under the heading ‘‘Fundamentals of 
Welding.” Similarly, the committees whose activities 
relate to testing, qualification requirements and train- 
ing of welding operators and qualification of welding 
procedures are grouped under the heading “Training, 
Inspection and Control.” For the most part the ac- 
tivities of the committees in these two categories relate 
to all of the welding processes in use today, of which 
there are about thirty-seven. 

Standardization activities for several of the welding 
processes have not been developed to the same extent 
as the others. This is due in part to their later de- 
velopment and in part to their more recent application 
on a wide industry basis. Individual committees have 
been organized for concentrated activities on these proc- 
esses. 


Each of the committees shown in Fig. 1 under the 


heading “Processes’’ is organized to include subcom- 
mittees covering the more fundamental aspects coming 
within the scope of activities of the committees grouped 
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under the first two headings. The work of each ‘‘Proc- 
ess Committee” is correlated with the work of the 
appropriate “Fundamental Committee” or “Inspection 
Committee” and it is planned to ultimately disband 
these ‘Process Committees’? when their activities can 
be assimilated according to basic subjects as definitions, 
qualification, ete. 

While metallizing is not a welding process, the 
Metallizing Committee was organized a few years ago 
when many requests were received indicating the need 
for standardization and suggesting that the AMERICAN 
WELDING Society was the logical body for such ac- 
tivity because much of the equipment used was the 
same as for welding and because no other organization 
existed which included activities on metallizing. Then 
too, investigation showed that in many plants it was 
common practice to assign the responsibility for metal- 
lizing applications to the Welding Engineer and his 
department, probably because of the similarity in 
equipment noted above. 

The last grouping of committees is headed “Industrial 
Applications.” Each is concerned with the promulga- 
tion of standard requirements for welding as applied in 
the industry indicated by its name, and in related in- 
dustries. Each of these committees comprises persons 
from a particular industry on the basis of geographic 
representation and, usually, although not always, on the 
basis of representation from the user, producer and 
material and equipment suppliers. 

Generally, these “Industrial Committees’? make the 
necessary adaptation of the more basic and general 
standards prepared by the technical committees 
grouped under the other headings, for the use of welding 
in their particular industry. The standards of these 
committees may be in the form of recommended prac- 
tices as the Recommended Practices for Automotive 
Flash-Butt Welding or in the form of mandatory re- 
quirements intended for adoption by regulatory bodies 
as in the case of the Slandard Code for Arc and Gas Weld- 
ing in Building Construction, or in the form of specifica- 
tions, which serve as the basis of construction by 
mutual agreement between purchaser and supplier as 
in the case of the Specifications for Welded Highway and 
Railway Bridges. 

The Recommended Practices for Automotive Flash- 
Butt Welding are an adaptation of the fundamental 
flash-butt welding standards of the more basic Recom- 
mended Practices for Resistance Welding supplemented 
by rules on design, equipment, technique and inspection 
particularly applicable to automotive fabrication. 

The Standard Code for Arc and Gas Welding in Build- 
ing Construction and the Specifications for Welded 
Highway and Railway Bridges include basic require- 
ments for filler metal, workmanship and inspection 
methods adapted for these particular applications with 
design requirements established specifically for those 
types of construction by research and investigation. 
Both of these standards contain identical requirements 
except where modification is necessary to properly pro- 
vide for the incidence of repetitious dynamic loads 
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producing maximum stresses in bridge members. 

Each technical committee has been organized on a 
broad basis to provide for the necessary expansion or 
modifications of its scope of activities according to the 
needs of industry without too much formality and 
regulation. Thus each committee functions in a 
flexible manner expanding, reducing or even modifying 
its activities to some extent as indicated by the stand- 
ardization needs at any given period. 

A very good example of this is the Committee on 
Filler Metal. When first organized more than twenty- 
five years ago, this committee prepared a standard for 
plain, bare steel wire of specified chemical analysis and 
size, merely “to exclude the use of fence wire’ for 
welding. This is representative of the state of welding 
at that time. Today, with thirty-seven welding proc- 
esses in use, this same committee, now jointly spon- 
sored by the AMERICAN WELDING Society and the 
American Society for Testing Materials, has a member- 
ship of almost seventy and carries on its activities 
through nine subcommittees working on specifications 
for electrodes, welding rods and brazing materials for 
all of the ferrous and nonferrous metals being welded 
today. 

To cite one more example, the Committee on Building 
Codes prepared its first standard on the welding of 
structural steel in 1928. This was a four-page booklet 
containing general requirements according to the 
limited experience up to that time. Today, the 1946 
edition of the Standard Code for Arc and Gas Welding in 
Building Construction comprises a complete and de- 
tailed set of regulatory provisions covering material, 
design, workmanship and inspection. This standard 
has gained in recognition the past twenty years until 
today it forms the basis of administrative requirements 
for welding in the building codes of practically every 
municipality in the United States. 

With the ‘“one-world concept” gaining more followers 
every day, and with the airplane making distances 
shorter and bringing remote areas nearer and nearer to 
each other, international standardization is a matter of 
much consideration today. In this connection the 
Society has established a regular exchange between 
welding organizations and other bodies standardizing on 
welding throughout the world. Contact and an ex- 
change of publications and information has been 
effected with organizations in Canada, England, France, 
Belgium, Holland, Australia, New Zealand and Swit- 
zerland among other countries 

This activity is not directed toward effecting uni- 
versal standards on materials, equipment or procedures. 
It does, however, provide a basis for agreement on 
fundamentals and where it is practical and desirable 
voluntary adoption of American standards by foreign 
countries and vice versa is abetted by mutual coopera- 
tion and very friendly relations. 

That these standardization activities of the AMERICAN 
WeELDpING Socrety have been of value will not be dis- 
puted. The excellent cooperation of industry, without 
which such activities are impossible, and the general 
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adoption of AMERICAN WELDING Society standards by 
federal, state, city and industrial regulatory bodies as 
well as their use in individual contracts is the best 
evidence of the value they have served. Therefore the 
few examples of the results of the AMERICAN WELDING 
Society's standardization activities are cited here not 
as evidence but because of the interest they may have 
as a matter of information. 

It has always been recognized that welding operators 
should be required to demonstrate their ability to weld 
before being permitted to work on important fabrica- 
tion where the safety of people or property would be 
involved In the beginning, in the absence of uniform 
standards for such qualification, each industry imposed 
its own qualification tests on the welding operator, and 
in many instances the test requirements varied from 
one manufacturer to another within the same industry 
In general, it was a matter of diverse, individual ideas. 
All of the tests, however, attempted to simulate actual 
production conditions for the welding of the operator's 
test plates. The required tests provided for the deter- 
mination by one means or another of the mechanical 
properties of the welded joint as well as its soundness 
A welding operator could be incapable of passing a test 
because of the faulty procedure prescribed or because ot 
his lack of ability; the tests made no distinction. 

When the American WELDING Soctery undertook to 
standardize qualification requirements for welding 
operators, the first step was to clarify the intent of such 
tests. It was established that the welding operator's 
ability should be demonstrated in his deposition of a 
sound weld. Such properties of the welded joint as its 
tensile strength or ductility were improved or reduced 
If the pro- 
cedure were properly established, it remained for the 


by the joint welding procedure prescribed. 


operator only to be able to make a sound weld. Ac- 
cordingly the standard test adopted for operator 
qualification examined only the soundness of the 
welded joint. At the same time agreement was reached 
as to an adequate, but simple, test for this purpose 
which was accepted as satisfactory for almost all types 
of fabrication whether buildings, bridges, railroad ears 
or pressure vessels. The Standard Qualification Pro- 
cedure incorporating these concepts is now almost 
universally accepted and has been adopted in such 
standard codes as the Boiler Code, the Code for Pres- 


sure Piping, the Code for Unfired Pressure Vessels for 
Petroleum Liquids and Gases, the Standard Specifica- 
tions for Elevated Steel Water Tanks, Standpipes and 
Reservoirs and many others. 

Another example of simplification in industrial 
practices through standardization is welding sym- 
bols. 

In the early days the selection of a welding process or 
welding procedure as well as the joint design and other 
such factors was left almost entirely to the welding 
supervisor or even the welding operator. It was cus- 
tomary for the designer to indicate where welding was 
required by a general note such as “Weld Securely” 
without any consideration of the particular properties 
required for the service conditions of the completed 
weldment. 

However, as research established welding on an en- 
gineering basis and as welding became used for the 
fabrication of structures for more critical service con- 
ditions, whose safety might affect life and property, the 
design of welded structures was taken out of the hands 
of the shop personnel and transferred to the designer, 
where responsibility for design properly belonged 

This made it necessary for the designer to have a 
convenient means for conveying the required informa- 
tion to the shop in such a manner that it would be 
readily understood. The alternative to a lengthy 
description and detailed sketches for each joint was 
standard welding symbols. 

The Standard Welding Symbols of the AMERICAN 
WELDING Society have filled this need very well. By 
their general acceptance through industry it is possible 
for a designer to indicate on a drawing the type of weld 
and joint as well as the details of welding for each joint 
in a structure, with assurance that a shop located any- 
where in the United States will be able to interpret the 
information shown by the symbols and required welding 
performed. It is quite common to see wall charts con- 
taining «a summary of these standard symbols on the 
walls of drafting rooms and welding shops 

The uniformity of requirements obtained by common 
standards as briefly described in this paper, by assuring 
the use of sound welding, has served industry in pro- 
viding safer and more useful products for the advantage 
of the entire population. 


Greenberg—Sound Welding 


THe WELDING JOURNAL 


j 

i 
4 
| 

‘ 

te. 
6 

530 


The Laboratory in Resistance Welding 


® The resistance research laboratory must cope with problems involving 


applications ranging from phonograph needles to heavy structural plates 


by F. R. Hensel and E. F. Hoit 


I. INTRODUCTION 


NE Resistance Welding Division of P. R. Mallory 
& Co. is devoted to the manufacture and sale ot 
electrodes and electrode materials, electrode holders, 
welding fixtures, dies and various other accessories 

for resistance-welding applications. 
The Company maintains a_ Resistance Welding 
Laboratory, the primary purpose of which is to support 
the Resistance Welding Division in many ways such 


as: 


1. Development and testing of new or improved 
resistance-welding products for manufacture 
and sale 

2. To furnish technical information relative to the 
design and weldability of customer’s assem- 
blies 

3 To establish, by test, suitable procedures and 
welding conditions for resistance-welding as- 
semblies submitted by customers 

1. Conduct investigations and tests to determine the 
most suitable electrode materials and designs 
for various resistance-welding applications. 

5. Develop, compile and publish technical literature 

on resistance welding. 


In addition, the Resistance Welding Laboratory fur- 
nishes consulting and welding services to all other 
Mallory divisions, such as the Electrical Contact, 
Electronic Parts, Rectifiers, Special Products, Vibrator, 
To illustrate the role of the 
laboratory in resistance welding, some typical examples 


Condenser and Battery 


of its functions have been selected and are herewith 


presented 
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and involving metallurgical, radiographic and chemical examinations 


Resistance Welding Laboratory 


Il. LABORATORY TESTS ON RESISTANCE- 
WELDING ELECTRODE MATERIALS AND 
DESIGNS 


The performance of new or improved electrode ma- 
terials and designs are evaluated by comparative life 
tests. The test conditions, such as the material welded, 
equipment and welding conditions, are selected as rep- 
resentative of typical production welding practices. 

Prime care is exercised in measuring and controlling 
wll variables likely to influence the performance of the 
electrodes or the significance of the test results. One of 
the factors measured and controlled during performance 
tests is the welder sequencing. Generally, motor- 
operated press-type resistance welders are preferred for 
running electrode performance tests primarily because 
once the seouencing is set, it will be maintained since 
the driving motor operates in synchronism with the fre- 
quency of the power supply. The “push-up” on the 
welder head is kept at a predetermined value, and since 
the motor driven movable head of the welder operates 
at a constant average velocity, the impact force on the 
electrode will be reasonably constant. The adjustment 
and measurement of the welder sequencing is made 
prior to a test run and is checked periodically during the 


run 
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Fig. 1 Circuit diagram for determination of welder 
sequencing 
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A relatively simple electrical circuit used for the de- 
termination of squeeze time, weld time, hold time and 
off time is shown schematically in Fig. 1. The welder 
speed is adjusted to a predetermined number of strokes 
per minute and the “push-up” (which supplies the force 
on the electrodes) adjusted with the material to be 
welded between the electrodes. A thin piece of paper is 
placed between the materials to be welded which in- 
sulates the top material. When the welder is operated 
automatically, the upper electrode, in making contact 
with the top sheet, completes the electrical low-voltage 
measuring circuit and the current flowing through the 
standard resistor causes a voltage drop which is im- 
pressed on the Brush amplifier. The amplified voltage 
drop is in turn impressed on the Brush direct inking 
oscillograph, initiating a 60-cycle trace on the oscillo- 
graph tape. 

When the weld timer is initiated by the action of a 
limit switch on the welder, an additional voltage (the 
welder secondary voltage) is impressed on the measuring 
circuit in time-phase with the measuring circuit voltage. 
The welder voltage is either additive or subtractive to 
the measuring circuit voltage depending on its polarity 
and results in a trace on the oscillograph either greater 
or lesser in magnitude than the measuring circuit trace. 
When the weld timer ceases firing (removing welder 
secondary voltage), the oscillograph trace returns to its 
initial value. 

The rate of rise in applied force is extremely rapid in 
an air cushion head type, motor-operated welder, pro- 
viding the electrodes are mounted rigidly and excessive 
deflection of the welder members is avoided. This is 
because the air pressure in the welder head is main- 
tained at its steady state maximum. 

The duration of the welding current is determined 
periodically during the test with the arrangement also 
shown in Fig. 1, in which a signal is obtained from a 
split core current transformer and a voltage across 
a low resistor is impressed on the Brush amplifier, pro- 
ducing a 60-cycle trace on the oscillograph. 

The complete oscillographie trace of the welder 
operation is represented by Fig. 2 and the various ele- 
ments of the welder sequencing are measured from the 
graph. A conventional dummy load is connected across 
the primary of the welder to insure stable operation of 
the synchronous ignitron weld timer. 

Figure 3 is a photograph showing a laboratory welder 
being set up for an electrode test with the sequencing 
measuring circuits connected. In the background of 
Fig. 3 are two coolant flow meters, called Rotometers, 
connected to the upper and lower electrode holders 
cooling system, giving a continuous indication of the 
rate of coolant flow through the electrodes. The coolant 


Fig. 2 Welder sequencing cycle 


Hensel, Holt—Resistance Welding Laboratory 


Fig. 3) Welder setup for measurement of sequencing 


flow is adjusted to a predetermined value and equalized 
in each holder prior to commencing a test run. The 
Rotometers are also used to measure coolant flow rates 
in various Mallory electrode holders and aids in estab- 
lishing holder design to permit maximum coolant flow 
rates. 

Measurement of welding current and weld timing is 
frequently accomplished using an air core toroidal coil 
mounted around an electrode holder. The flow of weld- 
ing current through the electrode holder produces an in- 
duced voltage in the toroid coil, the magnitude of which 
is directly proportional to the welding current. The 
induced voltage is not, however, in phase with the 
welding circuit but may be integrated by a simple re- 
sistance-capacitance circuit (Fig. 4) to reflect the wave 
shape of the welding current. Figure 4 shows a cathode- 
ray oscilloscope and associated calibrating circuit con- 
nected with an air core toroid pick-up coil. 
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Fig. 4 Circuit diagram for welder current measurement 
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LCONDUCTORS TO 
“v" GROOVES =~ MEASURING DEVICE 


MANGANIN SHUNT 


WRENCH FLATS 


STATIONARY WATER TUBE 


Fig. 5 Manganin shunt electrode holder 
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SLIDING WATER TUBE 


The welding current may be measured by connecting 


the oscilloscope to the integrating circuit of the toroid 
coil and adjusting the scope gain control until a deflec- 


tion of convenient amplitude is obtained on the screen. 
Without changing the gain control, the measuring cir- 
cuit is then applied to the scope, and the current ad- 
justed until the deflection of the beam is the same as 
obtained from the toroid coil. The voltage impressed 
on the scope from the measuring circuit is then caleu- 
lated by Ohm’s law and represents the value of voltage 
output of the toroid integrating circuit. Having pre- 
viously calibrated the toroid coil, the magnitude of the 


welding current may be readily calculated. 


Initial calibration of the toroid coil may be accom- 


plished using a manganin shunt type elec- 
trode holder (Fig. 5). This holder is a 
standard electrode holder except an insert 
of manganin, a metal of high specific resis- 
tivity and low-temperature coefficient of 
resistivity, is built into the holder body. 
The resistance of the manganin insert is 
determined on a low-resistance measuring 
bridge, and the welding current passing 
through the holder is calculated after 
measuring the voltage drop across the man- 
ganin insert. Thus with a toroid coil around 
the holder, the coil may be calibrated and a 
curve of the integrating circuit output vol- 
tage as a function of welding current may be 
plotted. 

The toroid coil, while requiring initial eali- 
bration, is more flexible and convenient to 
use than the manganin shunt type holder. 
However, the toroid coil must be connected 
to a high-impedance circuit so as to draw a 
negligible current. The toroid coil may be 
used with such measuring or recording de- 
vices as the cathode-ray oscilloscope, Brush 
crystal type oscillograph or vacuum tube 
volt-meter. The current and timing measur- 
ing devices are occasionally used to check 
the operation of production welding machines 
suspected of faulty electrical or mechanical 
performance. By suitable adaptions of the 
circuits, the performance and synchroniza- 
tion of other welder components may be 
determined such as welder-limit switches, 
solenoid-operated valves, solenoid-operated 


relays, ete. 
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Fig. 7 ‘Weld log” sheet for comparison of spot-weld surface appearance 
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Performance tests are carried out on all new or im- 
proved resistance-welding electrode designs, as for ex- 
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trodes. A production application of the internally 
cooled bent-type electrode, Fig. 6, is the spot welding of 
aluminum alloy sheets where the more efficiently in- 
ternally cooled offset electrodes minimize “pick-up” of 
aluminum on the tip face. Here the electrode is sec- 
tioned showing the inner cooling tube projecting up 
into the tip coolant hole. 

During test runs on electrodes, in addition to periodic 
measurement of dimensional changes of the electrode 
face, a “weld-log” sheet is maintained which provides a 
permanent record of the weld surface appearance and 
indentation. The weld-log sheet is also used for radio- 
graphic examination of the welds. 

Figure 7 shows two weld-log sheets made during the 
testing of a special refractory metal spot-welding elec- 
trode identified as Elkonite D-1607. A set of Mallory 3 
electrodes were run under the same conditions as “eon- 
The “log” sheets are the same ma- 
terial as was welded during the test run and, at 500 weld 
increments, three spot welds were made of the log 
sheet. 


trol” electrodes. 


The surface appearance of the welds made by the 
Elkonite D-1607 electrodes had become decidedly ir- 
regular after about 2000 welds, indicating the electrode 
face was making poor and inconsistent contact. Radio- 
graphic analysis disclosed unsymmetrical welds after 
3000 spot welds. This condition resulted from rapid 
deformation of the faces of the D-1607 electrodes and a 
comparison of the weld-log sheet reveals the marked 
superiority of the Mallory 3 control electrodes. 


Ill. DIE AND FIXTURE DESIGN AND 
WELDER MODIFICATION 


The services of the laboratory are frequently required 
in the design or improvement of resistance welding dies, 
or the modification of a welding machine to perform a 
specific operation. 

\ particular resistance welding application involved 
the” welding of a tungsten contact to a high-carbon 
spring steel blank, the elements of which are shown in 
Fig. 8. The contact is located in a nest in the lower 
electrode and the steel blank is located on top of the 
contact by means of insulated locating pins. This con- 
tact assembly was a high-production item and the 
original lower electrode consisted of a Mallory 3 tapered 
shank tip into which was press fitted on Elkaloy “A” 
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Fig. 8 Setup for welding contact assembly 
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Fig.9 Old and new welding die design 


insert. The insert was made completely by machining. 
(See Fig. 9.) There were several disadvantages of the 
original fixture. 

As inserts were continually press-fitted into and out of 
the electrode, the size of the hole became enlarged 
necessitating making the inserts in small quantities and 
machining the outside diameter to fit the hole. To ob- 
tain good electrical contact and avoid water leakage, the 
inserts were largely tailor-made to fit the various hole 
diameters of the electrode. 

A further disadvantage was that, to remove the in- 
sert, it Was necessary to remove the entire electrode 
from the welder, insert a rod into the hole to drive the 
old insert out and then press in a new insert. In addi- 
tion, the seat of the insert nest could not be made con- 
sistently flat and even and irregularities in the nest 
seat resulted in frequent cracking of the tungsten con- 
tact disk during welding due to poor pressure distribu- 
tion. To overcome the disadvantages, a composite 
electrode was designed into which the inserts could be 
slip fitted and securely clamped in position without 
danger of deforming the hole in the electrode. Small 
holes were drilled leading from the bottom of the insert 
to an exterior surface of the electrode. The insert was 
removed from the electrode by loosening the clamping 
screw and inserting the nozzle of a compressed air hose 
into the hole leading to the insert bottom, and with a 
blast of air, the insert was ejected. This method of 
clamping the insert permitted the inserts to be made in 
large quantities by cold heading on standard heading 
machines, 

The manufacturing cost of the new inserts was about 
one cent each as compared to seventy-five cents for the 
old machined insert. In addition, the seat of the nest 
was made flat and smooth by the cold heading opera- 
tion and closer dimensional tolerances maintained. 
The new electrode need not be removed from the weld- 
ing machine except for infrequent cleaning. 

Figure 10 is a photograph of the original and new 
electrode. The taper shank portion of the new electrode 
rarely requires removal from the holder and, hence, 
requires no maintenance. 

A second problem on the same job arose involving the 
mechanical operation of the welding machine. The 
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Fig. 10) Photograph of old and new die 


particular machines were automatic motor driven 
welders, and the up and down stroke of the movable 
welding head was governed by an operating cam. With 
a welder speed of 85 strokes per minute, required to 
meet production schedules, the total duration of the 
applied welding force or “pressure period”’ did not per- 
mit a sufficiently long “hold time” to be maintained 
The operator had to weld contacts on each end of the 
steel blank. It was necessary to grasp the welded end in 
turning the blank around to weld the second contact 
but the short “hold time’ left the blank too hot to 
handle. 

The original cam motion curve is shown in Fig. 11 
and the total pressure period was 11 cycles. The 
welder sequence Was 2 cycles squeeze time, 4 cycles weld 
time and 5 cycles hold time. 

A new cam was designed (Fig. 12) which increased 
the pressure period to 20 cycles, the sequence Was then 
adjusted to 4 eveles squeeze, 4 cycles weld and 12 
cycles hold. The longer ‘hold time” cooled the blank 
completely before the head retracted. However, after 
a period of time, considerable cracking of the tungsten 
contacts during welding was being encountered. This 
was the result of the impact force applied when the 
upper electrode touched the work. 

A third cam was designed (Fig. 13) incorporating a 
“pause period” during which the velocity of the moving 
head was substantially reduced as the upper electrode 
touched the work. The impact force was minimized 
without reducing the speed of welding, and cracking of 


Cam Motion Cunve - ORIGINAL DESIGN 


3.000 
push Me 
PRESsdRe 
— 


(@5 STROKES/wm) 


In IncHEs From Rotationar Anis 


Distance 


Decrees OF RoTaATION FROM STARTING POINT 


Fig. 11) Original cam motion curve 


JuNE 1949 


Hensel, Holt—Resistance Welding Laboratory 


Cam Motion Curve -First REDESIGN 


Dis tance Rotanowar Axis 
BREE E | 
7 


+ + + + + + - - - 


40° 00° 100" 120" 140" 180° 190° 200° 220° 260 280° 
Decrees OF Rotation From Starting 


Fig. 12 First redesign of operating cam 
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Fig. 13 Final design of operating cam 


the tungsten contacts was reduced to a negligible 
amount. <A photograph, Fig. 14, shows the three 


operating Cams. 


IV. ELECTRICAL UPSETTING 
APPLICATIONS 
The proper adaptation of known resistance-welding 
techniques to production applications is readily accom- 


plished in the resistance-welding laboratory. One 
example is the electrical upsetting of a threaded stud 
into a steel plate. The application required suitable 
design of the parts, construction of welding fixture and 
determination of welding conditions. The sketch, 
Fig. 15, discloses the laboratory setup for the upsetting 
of the stud and consists of a lower combination fixture 
and die in which the stud is inserted and securely 
clamped. The clamping avoids damage to the threads 
of the stud and permits good electrical contact between 
the stud and die. The extension of the stud shank out of 
the clamping die is held to a practicable minimum thus 
avoiding overheating of the stud section under the 
plate. 


FINAL DESIGN 


FIRST REDESIGN 


ORIGINAL CAM 


Fig. 14 Photograph of operating cams 
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Fig. 15 Setup for electrical upsetting application 


Prior to development of the electrical upsetting 
method, the stud was mechanically spun or staked into 
the hole, the hole being punched square, and when a nut 
Was tightened on the screw of the stud during an assem- 
bly operation, the stud frequently turned in the hole 
causing frequent rejects and excessive cost. No such 
failures occurred using the electrically upset stud since 
the metal flowed completely into the square hole during 
upsetting. 

The welding conditions found satisfactory for uni- 
form upsets were as follows: 


Heat time 
Weld force 
Current 


8 cycles 
375 Ib. 
2600 amp. 


Fig. 16 Pilot run of electrical upsetting application 
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The lower electrode, shown in Fig. 15, is a standard 
Mallory 3 flat-faced electrode into which was drilled 
the hole for the stud and a thin milling cutter was used 
to make a slot so that the cam could clamp the split 
halves together on the stud. The upper electrode which 
does the upsetting was a 20W3 Elkonite faced tip. In 
designing composite fixtures and dies, standard elec- 
trodes are used wherever possible. 

The laboratory frequently makes a pilot run of new 
welded products to work out the “bugs’’ in fixtures and 
procedures. Figure 16 is a photograph of a laboratory 
resistance welder setup for a pilot run on the assembly 
described. The use of a low inertia—low pressure elec- 
trode holder, in the upper arm of the welder, was neces- 
sary since the conventional pressure system of the 


welder possessed too great an inertia and force for the 


particular application. 


Vv. SPOT WELDING HIGH-CARBON STEEL 
STRIP 


An application of spot welding high-carbon steel 
(spring steel) consisted of joining the ends of a thin 
strip to form a continuous band. The strip, 0.007 in. 
thick by 6 in. wide, was joined by a series of spot welds, 
see Fig. 17, with the strip ends overlapped * 5 in. In 
service, the bands were run over a series of pulleys which 
necessitated certain joint requirements. Selected by 
laboratory tests was: the minimum overlap, proper weld 
pattern and spacing, optimum weld diameter and loca- 
tion of the band ends. 

Conventional spot welding of the high-carbon steel 
produced an extremely brittle weld area which would 
not withstand the repeated stressing of the joint as the 
band joint was bent around the pulleys. A postheat 
current was applied to the spot welds in the welding 
machine which restored sufficient ductility to the welds 
to withstand the repeated stressing. Both upper and 
lower electrodes were Mallory 3 metal tips, '/2 in. dia- 
meter with a '/s-in. diameter welding face and a 30 
rake angle approach. Prior to welding, the blue oxide 
was removed from the surfaces of the steel strips of the 
weld area. 

A photograph, Fig. 18, illustrates the laboratory 
setup for making the welds. The band is located by 
pins in the lower fixture plate, the lower electrode pro- 


MALLORY 3 TRUNCATED 
CONE ELECTRODES- 
Face 


WELDING CONDITIONS 
WELO FORCE - 200.85 

WELO TIME- @ CYCLES 

TEMPER TiME-16 CYCLES 
WELO CURRENT- 3400 AMPS 
TEMPER CURRENT~ 2700 amps 


Fig. 17 Spot welding of high-carbon steel bands 


THe WELDING JOURNAL 


iZ 
ANZ 
tt 
Zi 
| 
| Al 
A Z 
| 
¥ 
é 


Fig. 18 Welder setup for spot welding high-carbon steel 
bands 


jects up through an elongated slot in the lower plate and 
the entire plate slides in and out on a large bakelite 
guide plate. The bakelite guide plate had gage lines 
marked on the side to properly space the welds 


VI. TESTS ON RESISTANCE-WELDING 
ELECTRODE HOLDERS 


Tests are made on all new or modified electrode 
holders to determine performance and operating char- 
acteristics Mechanical strength, cooling and de- 
flection are investigated and new water-sealing devices 
are subjected to life tests. 

On ejector-type holders, performance tests are made 
to insure the strength and sturdiness of the ejector 
mechanisms. All straight holders are designed to pass a 
minimum of 2 gal. per minute of water with a 25 psi 
water pressure with 10 ft. of connected standard hose 

A typical test on a straight ejector type holder, 
Fig. 19, is designed to investigate the wear character- 
istics of a new device which seals off the coolant cham- 
bers of the holder. 
peated reciprocating motion cycles to the ejector plug 


A motor-driven cam applies re- 


The test procedure is standardized and periodically full 
water pressure is applied to the holder to determine if 
the sealing device is still watertight. 


Extensive laboratory investigations have been con- 
ducted on standard offset-type electrode holders, the 
mechanical form of which is that of a cantilever beam 
having one end fixed and loaded at the other. Dis- 
satisfaction is sometimes encountered in the use of 
standard offset-type holders resulting from two basic 


causes. 


1. An excessive load is applied to the holder which 
stresses some critical section beyond the pro- 
portional limit of the metal, resulting in per- 
manent deformation or fracture. 

The applied load is sufficiently high to cause ob- 
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Fig. 19 Performance test on ejector holder sealing device 


jectionable deflection of the holder, resulting in 
spot welds of poor quality, consistency and 


appearance. 


Such failures might be avoided if the user of the holder 
was provided with factual information regarding maxi- 
mum permissible load which may be applied to the 
holder and the amount of deflection caused by various 
forces within the maximum safe loading of the holder. 


Fig. 20 Measurement of deflection of offset-electrode 
holder 
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Fig. 21 Typical deflection curves of offset-electrode holders 


This was the intent of a laboratory investigation, Fig. 
20, involving the measurement of deflection as a fune- 
tion of applied loads on all standard offset and uni- 
versal offset electrode holders. 

The test setup, Fig. 20, reveals the use of a dial in- 
dicator arrangement for measuring deflection, the load 
being obtained from the welder-pressure system after 
first having been carefully calibrated. Two sheets of de- 
greased steel were used between the electrodes to 
similate actual service conditions. The information 
derived from this investigation was compiled in the 
form of a family of curves, Fig. 21, and graphs were 
made available to the Sales Department in a complete 
report. Caleulations were made of maximum permis- 
sible loads and were included in the data. In the course 
of these tests, several deficiencies were uncovered in 
the original holder designs, which led to structural im- 
provements. 


VII. RESISTANCE WELDING OF CONTACT 
ASSEMBLIES 


There is continual need for the experimental resist- 
ance welding of contact assemblies to establish cor- 
rect: procedures, electrode materials and welding con- 
ditions. The wide dissimilarity of the metals com- 
prising contact assemblies require much consideration 
in the selection of electrode materials and welding con- 
ditions to obtain a suitable heat balance. One such 
application is the welding of a small silver-tungsten 
carbide rectangular contact to a 0.062-in. thick copper 
blank. The electrode arrangement. Fig. 22, consists of 
a molybdenum faced upper electrode against the copper 
blank, while the contact rests on a Mallory 3 metal 
lower die face. 
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The purpose of the welding experiments was to de- 
termine the strength of the welded joint as affected by 
different welding conditions. A thin masking plate of 
stainless steel locates the contact on the lower die and 
the blank is placed over the contact being positioned by 
a bakelite guide. A stream of water is plaved on the 


Fig. 22) Welder setup for welding of contact 
assemblies 
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assembly during welding to prevent overheating of the 
contact and to minimize oxidation and annealing of the 
copper blank. 

In Fig. 22, the assembly is in position for welding, the 
electrode is on the work and the entire weld area is being 
flood cooled. The air core toroid coil is used to measure 
the welding current and weld timing. 


VIII. MAKING “INVISIBLE” SPOT WELDS 


The spot welding of a 0.020-in. nickel-plated mild 
steel spring clip to a 0.052-in. cadmium-plated steel 
blank requiring an “invisible’’ weld on the cadmium 
plated blank was easily accomplished. With conven- 
tional spot welding procedures, the customer could not 
avoid some disturbance of the cadmium plating during 
welding, resulting in a plainly visible marking on the 
blank. When using a flat or large radius faced Elkaloy 
“A” electrode against the cadmium plated blank (setup 
shown in Fig. 23), laboratory experiments failed to com- 
pletely eliminate some disturbance of the plating. 

To reduce the current density at the back of the 
cadmium-plated blank, the edges of the blank were 
clamped to the lower electrode, thereby permitting the 


welding current to be distributed over a larger area at 
the blank to electrode contact. 


This experimental 
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Fig. 23) Original electrode arrangement for making 
“invisible” spot weld 
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Fig. 24 Experimental setup for minimizing surface 
disturbance 
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Fig. 25 Device for measurement of contact resistance 


setup, shown in Fig. 24, effectively reduced the heat 
effects at the contact surface and produced an ‘“invis- 
ible’ weld. A mechanically operated device for clamp- 
ing the blank to the lower electrode was developed for 
production practice. Expedients, such as these, have to 
be resorted to frequently where a large quantity of 
parts are made up prior to determining if they are suit- 
able for welding. In this particular case, perhaps the 
use of a nickel-plated blank would have avoided the 
necessity of using the clamping device. 

The photograph, Fig. 25, is an indication of the sur- 
face appearance of the blanks as spot welded by the two 
procedures. 

Surface conditions of the materials to be spot welded 
frequently require investigation since weldability is 
often affected by oxide or other films on the metals. To 


VARIABLE RESISTOR 


6 
STORAGE BATTERY 


OC AMMETER 
050 AMPS 
S P GAWANOMETER 
SWITCH ~ NORMALLY 
| OPEN 
— METER 

MILLIVOLTS 


sueets 10 ON 
BE TESTED 
ELECTRODE 
puten / | PRESSURE 
CF PRESS must / 
HAVE SMOOTH 
SLIDING ACTION ELECTRIC 
wiTH NO BINDING CAT No 
698780! G! 


MODEL 131048 

| PRESS 

CO 


Figure 26 


[ 
| | 
g 
PIECE 
/ / } 
| G 
| cane (LE | 
N | a 
8 
SON 
539 


determine the nature of the surface films and the 
efficiency of the metal surface preparation or cleaning 
methods, a relatively simple contact measuring device, 
shown in Fig. 26, is used. 


IX. SUMMARY 


The welding equipment in a_ resistance-welding 
laboratory must be capable of being adapted to an 


extremely wide variety of applications and the use of 
flexible and dependable synchronous timing and se- 
quencing controls are mandatory. The size of assem- 
blies to be welded ranges from tiny phonograph needle 
tips to heavy-gage structural steel plates. 

In the Metallurgical Research Laboratory, complete 
facilities are available for analysis of welding problems, 
such as radiographic, metallographic, spectrographic 
and chemical analysis. 
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Metallizing in Relation to Marine Engineering 


® Equipment used to spray metal, characteristics of the coating produced, 
methods by which bonding to the base material may be achieved and 


techniques for finishing sprayed metal coatings. 
process to marine engineering are conveniently divided into: (a) 


Applications of the 
the 


reclamation of worn parts, and (b) protective coatings to resist corrosion 


by J. Barrington Stiles, M.1.Mech.E. 


THE PROCESS 


ETALLIZING can be defined as a process whereby 
heated metal in a finely divided state is projected 
onto a receiving surface by means of an air blast 
Figure 1 shows metal spraying being carried out 

for the protection of steelwork, exemplifying its original 
particular application— zine 


purpose although the 


spraying a steel hull—is a comparatively recent innova- 


tion in this country. In order to obtain a balanced 


conception of the usefulness of the process, Fig. 2 is 
included to illustrate the reclamation of worn machinery 
in this case spraying stainless steel on an auxili- 
Both classes of work are of 


parts 
ary turbo-pump shaft. 
interest to marine engineers, but a brief study of the 


Fig. 1 


Sandblasting and zine spraying a steel hull 


J. Barrington Stiles is with the Metallizing Equipment Co., London, England 


his paper is reprinted from the Transactions of the Institute of Marine 
Engineers, Vol. LX, No. 12 (1948 
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fuxiliary turbo-pump shaft being metallized with 
stainless steel 


Fig. 2 


process itself is essential for the intelligent application of 
either of them. 

During its development, 
through stages in which first molten metal, then pow- 


metallizing has passed 
dered metal and finally wire has been the state in which 
the material has been fed into the hand tool, known as 
the metal-spraying gun. The convenience of storage 
and handling of metal in wire form need scarcely be 
stressed, although emphasis should be placed on the 
fact that in the case of wire, the necessity to melt it in 
order to atomize it implies that every particle must have 
been adequately heated, whereas with molten metal or 
powder neither may be deposited with the same guaran- 
tee of heat control. Thus, it is not surprising to find 
that the wire-type of metallizing gun is the one in 
most general use today. The range of wire metal spray- 
ing is limited only by what materials may be obtained 
in wire form, so that all the common metals and alloys 
may be sprayed, with the exception of pure chromium. 

Figure 3 shows the general arrangement of a typical 
modern metallizing installation with the gun fixed to 
the toolpost of a lathe. A governor-controlled, high- 
speed air-turbine through double worm-reduction gear- 
ing to a pair of feed-rollers pulls the wire into the gun 
and pushes it through the central orifice of a close-fitting 
Figure 4 is a diagrammatic representation of 
A mixture of 


nozzle. 
the melting and deposition of the wire 
gas and oxygen is led to the nozzle tip by means of small 
passages, usually six in number, so as to play small jets 
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Fig. 3) Arrangement of metallizing gun in lathe showing 
controls for air, gas, oxygen and wire 


of flame on to the wire. Thereafter, an air-stream 
breaks up the melting wire into small particles, at the 
same time directing the jet of metal on to the work. 
The mean temperature of the stream, consisting as it 
does of a small volume of hot metal and a large volume 
of cool air, is quite low—so low indeed that it may be 
directed on to the hand without any considerable dis- 
comfort. 

An individual particle, once separated from the wire, 
assumes a roughly spherical shape and is subject to cool- 
ing and oxidizing conditions during its flight, which may 
occupy about one-thousandth of a second. On im- 
pact, and according to varying circumstances, the ki- 
netic energy of the particle must largely change to heat, 
and, there ifter, in most cases it will be in intimate con- 
tact with a much larger and cooler body, so that rapid 
“quenching” results. Coincident with impact, the 
spherical shape of the somewhat oxidized and externally 
cooled globule will change to a spheroid, or may even 
become saucer-shaped. On flattening, the major perim- 
eter will be the part most highly stressed and either 
cracks or torn, distorted edges will result. Maximum 
oxidization occurs during the period immediately follow- 
ing impact and continues until covering by subsequent 
particles has eliminated contact with the air. 

From this simple study quite a lot of useful informa- 
tion can be derived as to the nature of sprayed metal. 
Perhaps the most interesting item is the manner in which 
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the particles are joined together. Mechanical inter- 
locking of the torn edges of particles actounts for much 
of the tenacity with which they hold together, but this 
is greatly increased by their tendency to flow on impact 
so as to key into one another. There is also undoubt- 
edly some form of oxide cementation between particles, 
and this is probably the major factor in providing tensile 
strength normal to the surface being sprayed, whereas in 
a plane parallel to the surface mechanical interlocking 
provides tensile strength which may be even ten times 
as great as that normal to the surface. A certain 
amount of rather haphazard welding does oceur be- 
tween particles here and there in a coating, but is 
generally of little importance in considering the strength. 


TYPICAL BRINELL HARDNESS” 
NUMBERS VARYING WITH 
POSITION ON PARTICLE ——~ 


DIAGRAMMATIC 
( REPRESENTATION 


HIGH CARBON 
STEE 
NORMAL DEPOSIT ETCHED 


Fig. 5 Variations in apparent hardness due to structure 
of sprayed metal 


Figure 5 represents diagrammatically several typical 
particles of sprayed steel, and indicates how misleading 
an ordinary hardness test can be as shown by readings 
taken in the center of a particle, nearer the edge, and 
again at the junction of two particles. The normal 
difficulties of making due allowance for the coating 
thickness and the nature of the base material are in- 
significant compared with the errors arising from the 
positioning of the test on the particle. 

If machining properties are to be considered in rela- 
tion to hardness, then it is obvious that the properties 
of the oxides separating the particles must not be over- 
looked and it must be decided whether the cut will be 
parallel to the laminations or across them; the ‘“ap- 
parent”’ oxide content being much less in the former 
than in the latter case, since, although each particle 
covers a relatively large area, it has very little thick- 
ness. Figure 5 includes a microphotograph of sprayed 
steel which is obviously porous, though not so much by 
reason of minute voids as by the oxide layers. 

Table 1 tabulates hardness for a range of common 
metals in the sprayed condition, but is mainly of aca- 
demic interest, because other factors, such as the por- 
osity and oxide content, have a greater influence over 
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Table 1—Hardness Values and Decreased Specific Gravities 
After Spraying 


Ratio of coating 
Sprayed metal Hardness, specific gravity to that 
equivalent Brinell No. pe wire used, per cent 


High carbon 

chromium steel 296 88-7 
80 per cent 

carbon steel 346 82-5 

10 per cent 
carbon steel 183 86-7 
Iron 147 88-4 
18/8 Stainless steel 147 88-9 
Naval brass | 76 89-2 


Wear-resistance and machining properties. Shepard* 
has obtained values for the relative specific gravities of 
various metals and alloys when sprayed as compared 


with the wires used, expressed as a percentage, and 


these have been included in Table 1. 


The coating will absorb a great deal of liquid under 


pressure, and even a substantial amount by capillary 


attraction. Sprayed metal, when used to form a jour- 


nal-bearing surface, provides a natural oil reservoir, 


thus eliminating dry-starting conditions with a conse- 


quent lessening of wear. It is interesting to note that 


in the case of crankshafts, records indicate that the per- 


formance of sprayed metal compares favorably with the 


hardest shafts, and that for this purpose there is very 


little to choose between metallized coatings of soft low- 


carbon steel or the hardest of high-carbon steels. One 


cannot avoid concluding that it is the porous nature of 


sprayed metal that accounts for its excellent properties 


as a journal-bearing surface. The typical stress-strain 


* A. P. Shepard, Meteo Laboratories, Long Island City, N. Y 


STRESS,1,000 LB PER SQ. IN 


Fig.6 Typical stress-strain curve for steel 
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curve* shown 


in Fig. 6 indicates some similarity to a 
cast material. 

Shrinkage of sprayed metal during cooling provides 
the chief source of stress in a metallized coating, and it 
varies rather surprisingly as indicated in Table 2. It is 
obvious that contraction serves to tighten the bond 
when a periphery is being metallized while the converse 
is true of internal work on bores, but in general shrink- 
age should be held to the minimum, as it prestresses and 
weakens a coating, and may in some cases result in 
cracking. The permissible amount of shrinkage will 
depend on several factors, foremost among them being 
the amount of metal being deposited and the standard of 
preparation achieved on the receiving surface. 

Surface preparation is by far the most important part 
of metallizing technique since upon its adequacy de- 
pends the strength of the bond between the coating and 
the parent metal. There are numerous methods by 
which bonding can be achieved, but most of them in- 
volve roughening the surface in such a manner that the 
sprayed metal is mechanically keyed in position by 
means of suitably shaped depressions in the base 
material. To produce a strong mechanical bond such 
surfaces must be rough and free from oil, moisture, ete. 
As will be seen in Fig. 7 the degree of roughness must 
be sufficient to allow average-sized particles of sprayed 
metal to enter the depressions without “bridging” them, 
and the shapes must include a high percentage of under- 
cut depressions in which the deposit can anchor 

A second function of mechanical preparation must 
not be overlooked. It consists of breaking up the sur- 
face so as to expose not only a much increased area of 
contact, but also to tilt the particles of sprayed metal at 
widely different angles. It has already been noted that 
the laminar structure yields much greater strength 


Table 2—Internal Stresses in Sprayed Metal Coatings 
Arranged in Order of Their Relative Ability to Resist Them 


Elongation, Ultimate 


Shrinkage, per cent tensile 
Metal per cent at ultimate strength, Remarks 


strength Ib. per sq. in 
Internal 
0-18 0-50 40,000 | Stresses 
| low; coat- 


High carbon 
high chrom- 
ium stainless 


steel, No. 2 | | ing strong 
reliable 


80 per cent | metals for 


carbon steel 0-14 0-42 27,500 building-up 
heavy duty 
parts 

10 per cent High 

carbon steel 0-80 0-30 30,000 stresses 


care must 
be taken 
to ensure a 


Iron 0-90 0-25 28 000 good bond 


18/8 Stain 
less steel, 1-20 
No. 1 


30.000 


Naval brass 1-00 0-51 13,000 
cracking 


| 
| | | | f 
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Fig. 7 (A) Character of bond attributable to good blasting 
preparation. (B) Bridging caused by too fine blasting 


parallel to the laminations than at right angles to them, 
and it follows that an irregular surface will distribute 
this strength more uniformly throughout the coating. 
While not significant in the case of protective coatings, 
this factor assumes considerable importance on machine 
element work and often dictates which method of prep- 
aration shall be employed on a particular item. The 
roughness should, therefore, be of such an order as to 
“anchor” the coating against contraction stresses, but 
patterned so as not to produce a change of plane along 
any given line. A splined shaft is an example of ex- 
aggerated roughness without anchorage in some direc- 
tions and definite weakness along axial lines of max- 
imum stress, where change of shape alters the plane of 
lamination. 

Since various classes of work demand different 
methods of preparation it is well to understand the 
several techniques employed and compare their ad- 
vantages and limitations. 


Blasting with Sand or Angular Steel Grit 


Grade 24 abrasive used at about 70 psi. pressure pro- 
duces on mild steel and other not too hard surfaces 
irregular depressions which will key sprayed metal. 
It is by far the cheapest method of surface preparation, 
but the bond obtained does not permit heavy deposits, 
being inadequate to resist severe contraction stresses. 
Figure 7 (A) represents an enlarged section through 
a well-blasted surface. The human element enters 
into sandblasting to such a degree that it cannot be 
considered reliable, the more so because visual inspee- 
tion does not easily reveal slightly defective workman- 
ship. It is usual, when employing the blasting process, 
to rely on rigid contro! of air pressure and quality of 


abrasive used and limit inspection to insistence on com- 
plete and uniform treatment of all surfaces. Hard 
cast-iron and heat-treated steels are sometimes blasted 


with alumina and other extremely hard abrasives, but a 
similar limitation as to coating thickness still applies. 
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Rough Turning 


This generally produces a bond superior to blasting, 
although, relying on the small barbs torn up on the 
surface, it is dependent on the strength of the parent 
metal, so that in the case of cast iron, brass and similar 
materials, it is not very useful. A sharp-pointed V-tool 
ground to about 40° and having little rake or clearance 
is normally employed to cut from 16 to 24 threads per 
inch according to the size of workpiece and thickness of 
coating. Some little skill is required to produce con- 
sistent results. Engineers may well look askance at a 
process involving tearing jagged cuts by way of prep- 
aration, but the incidence of failure by fatigue of such 
work appears to be extremely low, in fact, no instance of 
such failure has come to the author’s notice during the 
fourteen years he has known the technique to be em- 
ployed. This may, however, be due largely to the 
wide margin of safety employed by engine designers, 
and methods other than rough turning are used by 
most responsible engineers engaged in the metallizing 
industry. 


The Shaft Preparation Tool Method 


This involves roughening the surface with a special 
type of knurling tool, using a laminated cutter in which 


a 


SIDES APPROXIMATELY 
STRAIGHT AT TOP 
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Fig. 8 Preparation of shafting by grooving and knurling 
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five thin steel blades, each with teeth set at different 
angles, are rigidly held together. When passed over 
the surface of a piece revolving in a lathe, a satisfactory 
kind of roughening is achieved, which has the advantage 
that uniform results can be repeatedly obtained. Used 
alone it is only satisfactory to receive coatings for press 
fits and other similar work in which the bond is not 
heavily stressed in tension. 


The “Metco” Method of Shaft Preparation 


This method, which was invented in the U.S.A. about 
ten years ago, remains the best method of machine 
preparation so far devised. 

Figure 8 shows diagrammatically how a groove or 
thread is cut with a round-nosed tool and thereafter the 
ridges are spread over by using the shaft preparation 
tool. Although this method can only be employed on 
machinable materials, it does provide a means of pro- 
ducing uniform and reliable bonds over a wide range of 
machine element work. The technique is simple, and 
although two machine operations are involved (com- 
pared with one in the case of rough threading), it can be 
effectively performed by anyone who can use a lathe, 
whereas, except on mild steel, rough threading to the 
requisite standard can prove much more difficult than 
one might imagine. 


Fuse Bonding 


Figure 9 is a patented* method of mechanical bonding 
in which instead of relying only on deformation of the 
parent metal, as in ali previous methods, there is fused 
to the surface a layer of rough and cratered material on 
to which the coating metal is subsequently sprayed. 
Since low-voltage, high-amperage current is required to 


* British Patents Nos. 575128, 575129 and 575130. 


Fig. 9 Fusebond layer between sprayed steel and low- 
carbon steel base 


on 
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Fig. 10 Interface between layer of Sprabond and low- 
carbon steel base magnified to 1250 diameters 


heat a bunch of electrodes, a transformer, somewhat 
similar to that used for resistance welding, is employed. 
The chief advantages are that a good bond can be pro- 
duced on even the hardest steel parts, and items which 
cannot be machined by reason of their peculiar shape 
or excessive size may be prepared for metallizing. 


Sprabonding 


This is the subject of patents and patent applications 
belonging to the Metallizing Engineering Co., Inc., of 
New York, and has only recently been used here. It 
appears to be an exceptionally good method of bonding 
coatings to almost all metals, with the exception of cop- 
per and cuprous alloys. It consists of spraying a thin 
layer (about .0015 to .002 in. in thickness) of a special 
material on to the base metal, and thereafter applying 
whatever metal may be required, according to normal 
metallizing practice. The adhesion between the ‘‘Spra- 
bond” and the parent metal is molecular and of the 
same character as that obtaining between, say, brazing 
between some metals and the 
Figure 10 
shows a photomicrograph magnified to 1250 diameters, 
i.e., it is enlarged 1,500,000 times, so as to show the 


material and steel, 
oxides which so tenaciously adhere to them. 


interface between a steel base and the sprayed layer of 
Sprabond. It is remarkable in that it indicates molec- 
ular adhesion and intimacy of contact equal to that be- 
tween the crystals of solid steel. According to Inghamt 
alloving to an extent of 0.00003 in. thickness sometimes 
occurs between the Sprabond and the base, but no real 
penetration sufficient to disturb the physical properties 
of a steel base has been detected. The author’s in- 
vestigations have so far only confirmed that in addition 
to the adhesion between the Sprabond and base being 
more than adequate for any known application of the 
metallizing process, the bond between this special pre- 
paratory layer and the superimposed coating is of such a 
high order that when tested to destruction in tension or 
sheer, the failure has taken place in the metallizing and 
not at the bond. 

It is, however, necessary to exercise scrupulous clean- 
liness on surfaces to be Sprabonded, the meta} always 
to be exposed either by grinding, turning or cleaning 


+ Chief Engineer, Metallizing Engineering Co., Inc., New York. 
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with emery cloth. Degreasing is not satisfactory, nor 
is it possible to leave a cleaned part exposed to atmos- 
pheric corrosion before Sprabonding. Such care is, 
however, well repaid by the knowledge that a bond 
stronger than the sprayed metal itself has been obtained 
without risk of damage to the base metal. 


Spray Welding 


This forms a link between metallizing and welding. 
The material, known as ‘Meteo Sprayweld H” is an 
extruded plastic in which are embedded certain metals 
which could not otherwise be made into a wire. Its 
applications to marine engineering are few but it is 
mentioned here because it has been successfully em- 
ployed for the reclamation of Diesel engine gudgeon 
pins. The material is sprayed on to a surface which has 
been prepared either by blasting or machining, and is 
then heated either by oxyacetylene flame, high-fre- 
quency current or other means, so as to raise the surface 
temperature to between 1000 and 1100° C. in order that 
the deposit may flow and fuse to the base. The re- 
sultant coating is extremely hard, being in the region of 
550 to 600 Brinell, which is considerably harder than 
any coating in the as-sprayed condition. Spray-weld 
deposits, however, do not have the property of oil 
absorption so that they are generally employed for such 
purposes as tipping agricultural machinery parts and 
coating earth-moving machinery blades. Its hardness, 
absence of porosity and excellent corrosion-resistant 
properties make spray welding very suitable for certain 
purposes which demand resistance to both wear and 
corrosion. 


Bonding by Heat Treatment after Spraying 


Use is made of the well-known property of aluminum 
by which it readily alloys with iron and steel at about 
800° C. to protect ferrous metals subject to heat oxida- 
tion, by spraying pure aluminum on to a previously 
blasted surface and thereafter heat treating to produce 
the heat-resisting iron-aluminum alloy over the surface. 
Furnace parts are regularly so treated, and the coating 
becomes integral with the base material. There are 
numerous other examples of bonds achieved by heat 
treatment, but they are not important to an under- 
standing of the more generally employed mechanical 
bonding methods which cover the bulk of metallizing 
work. 


Hand Preparation 


For metallizing this is generally to be avoided, 
although there are instances in which it can be very 
useful. One such occasion was during the late war 
when a destroyer (H.M.S. Verity) was found, on trials, 
to have distorted the port main turbine casing either 
side of the carbon packing gland, to a depth of about 
0.008 in. on each flange. The vessel was required for 
immediate service, and the author, armed only with a 
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metal spraying gun and some mild steel wire set out to 
get her to sea with the minimum delay. It was an all- 
night job to jack up the top-half casing, prepare the low 
areas on the flanges of both top and bottom halves, and 
metallize them—the preparation being carried out by 
making undercut chisel marks in three different direc- 
tions at about 60° to each other. Admittedly, the de- 
posited mild steel had only to perform “jointing” or 
“packing”’ duties, after filing and scraping by the dock- 
yard staff, but it illustrates that hand preparation can 
be useful. On another wartime occasion severe pitting 


as much as °/s in. deep in places was found aft of the 
stern glands and forward of the A-bracket bearings on 
each of H.M.S. Stevenstone’s propeller shafts. Time 
did not permit withdrawal of the shafts, and the author 
had to choose between gritblasting and hand prepara- 
tion. The latter was selected (except that pneumatic 
chisels were employed) because the mass of metal re- 
quired in some areas made it extremely doubtful 
whether blasting would prove satisfactory. This work 
was carried out as a temporary emergency repair, but 
long afterwards the Admiralty confirmed that it was still 
behaving satisfactorily. Some may wonder how ma- 
chine finishing of the sprayed metal was carried out on 
these propeller shafts ¢n situ in dry dock. The author 
claims no part in devising the method, which was sug- 
gested by the shipyard foreman, whereby these shafts 
were ground very true to a good finish by the simple ex- 
pedient of cutting a wood block concave to the radius of 
the shaft and mounting a pneumatic grinder on it with a 
piece of rubber insertion to allow for pulling up to apply 
acut. Figure 11, showing the arrangement used, is in- 
cluded not so much as illustrating a method of finishing 
sprayed metal, but as a tribute to that ingenuity which 
is found among marine engineers and shipyard staffs 


Preheating 


This is not often resorted to in connection with pre- 
paring parts for metallizing, although a mild preheat is 
sometimes employed when metallizing internal surfaces 
such as bores and housings to counteract the effect of 
coating shrinkage. It must not in any case be carried 


PNEUMATIC GRINDER MOUNTED ON RUBBER 


WOOD BLOCK CUT TO RADIUS OF SHAFT 


SHAFT REVOLVED BY HANO TURNING GEAR 


Fig. 11 Improvised grinding arrangements for propeller 
shaft metallized in situ on H.M.S. Stevenstone 
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Table 3—Effects of Preparation on Mechanical Properties 


(139% Chromium Steel on 3'/.% Nickel Steel Base)* 


Rotary shear, 


Estimated Axial shear, ; lb. per sq. in., 
Type of endurance | Stresscon- Ib. persq.in.,! 1-inch dia- 
preparation limit, centration 2-inch cylin- | meter x 2 » 
2x10? cycles factor drical band fe inch » 
0-2 inch wide 0-2 helix 
Shot blasted 
with angular 54,000t 0-76+t 1,200 3,150 
steel grit 
Rough 
threaded 30,000 1-37 7,990 14,700 
Grooved and | 
knurled | 
(complete 27,000 1-52 6,000 25,400 
“Metco” 
method) 
Fuse bonded | 35,000 1/17 9,000 24,100 
Plain | 
polished | 41,000 1-00 This specimen not sprayed 
specimen | 


* According to U. 8. Bureau of Ships 

t Blasting with sand or steel grit stretches the surface and so 
prestresses It in a negative sense to those stresses which tend to 
cause tatigue in service 


to such an extent as to oxidize the prepared surface, and 
can only be used in conjunction with one of the mechan- 
How- 


ever, in extremely cold weather, with the workpiece at 


ical metheds of preparation already described. 
or below freezing point, it is considered advisable to 
“take the chill off 
surface if very cold rapidly collects moisture, and the 


the job” before preparing, since the 


mild preheating eliminates unnecessary stressing of the 
coating and so reduces the risk of low-temperature 
eracking. Average room temperature of about 60° F 
is quite sufficient to obviate this, and the necessity to 


take any such action will vary with the particular 


metal being sprayed. As an example, high-carbon 


steel, which has comparatively high tensile strength, 


but low “shrinkage value” will not require such precau- 
tion in this respect as brass, of which the reverse is true. 

Table 3 shows the effects of various types of prepara- 
tion on the endurance and resistance to both axial and 


rotary shear stress. 


FINISHING SPRAYED METAL 


Table 4 indicates recommended feeds, speeds, ete., 
for finishing metallizing work by turning and grinding. 
Because of its peculiar structure, sprayed metal pre- 
sents certain finishing problems to an uninstructed 
operator who has hitherto worked only on “solid” 


metals. 


Turning 


When a shaft has been metallized on to a machine- 
prepared surface, it may be found that at each extrem- 
in fact, a 


ity the coating is somewhat harder pro- 


nounced hard ring often occurs (Fig. 12). This is due 
to the flattened particles of sprayed metal being 
mounted more or less “on edge’ in these areas, since 
they tend to follow the contour of the shoulder at each 
end of the prepared section. Such shoulders also col- 
lect particles of dust, carbon, ete. It can be minimized 
by spraying into the corners before proceeding with the 
main body of the coating. When it does occur, how- 
ever, it is better to finish-machine the affected areas 
with a plunge cut rather than axial feed, using a blunt- 
nesed tool. With most spraved metals there is a tend- 
ency for unskilled operators to tear out particles, re- 


Bad tearing may 


sulting in a rough and pitted surface. 


Table 4—Feeds and Speeds for Finishing Sprayed Metal 
I pra) 


Turning with carbide tipped tool Dry grinding Wet grinding 
Surface speed, Feed, inch per Tool post grinder, 5/6,000 surface 
ft. per min revolution ft. per min. Wheels 
Work , Rough- | Finish 
speed, ing feed feed Carborundum Norton All metads 
Rough-  Finish- Rough-_ Finish Metco | surface perrev- perrev- 6,100 surface 6,500 surface 
ing ing ing ing wheel ft. per olution, | olution, ft. per min {t. per min. 
min inch inch 
High Work speed, 
carbon 35 35 0-004 0-003 44 30 4 + C36-K4-VE 37C46-K5V_ | 80/90 surface 
steel it. per min 
Low Traverse, 3 ft. 
carbon 90 90 0-006 0-003 42 30 A 4 C36-K4-VE 37C46-KS5V per min 
steel | roughing) 
Brass, Traverse, 1 ft. 
bronze, 275 275 0-006 0-002 44 30 dy 4 C36-K4-VE 37C46-K5\ per min 
copper (finishing) 
18/8 stainless Infeed, none 
steel 110 150 0-006 0-003 43 30 4 * A465-J5/6-V30 37C46-K5V (finishing) 
High carbon Infeed, 0-001 
chromium 35 35 0-004 0-003 46 110 0-006 0-015 C36-K4-VE 37C46-K5V inch 
steel (roughing) 
Monel metal 225 275 0-004 0-002 46 30 0-006 0-015 | GC-60-J8-VW 37C80-H7V Coolant 
Nickel 225 275 0-004 0-002 44 30 0-006 0-015 | GC-60-J8-VW 37C80-H7V 
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Fig. 12 Example of hard ring found at shoulder 


even disturb particles which at the time are beneath the 
surface and so prevent a good finish being obtained at a 
It is generally advisable to set the 


smaller diameter. 
tool a little above the center so that front clearance is 
practically eliminated and the pressure of the tool 
immediately below the cutting edge will tend to hold 
each particle in position so that it will cut rather than 


tear out. Tungsten-carbide tipped tools should be 
used for all sprayed metals if possible because they re- 
quire less rake and clearance than steel tools, and for the 
hardest materials, a grade which would normally be 
used for chilled cast iron should be employed. 


Dry Grinding 


This generally implies the use of a tool-post grinder, 
and the recommendations in the table should be closely 
followed, otherwise glazing the wheel and burning the 
coating will result. It is important to select the 
appropriate type of wheel for the particular coating, 
since selection based on experience of ‘‘solid’’ metals 
will vield indifferent results in most instances. All 
metals, when sprayed, lose some of their heat-conduct- 
ing property by reason of the oxide surrounding each 
particle, so that they more readily overheat locally, 
especially when dry grinding is employed. For ferrous 
metals the Norton 37C46-15V wheel or an equivalent 
gives very good results. 


Wet Grinding 


Wet grinding provides the best possible machine- 
finish on sprayed metals. Wheels generally are coarser 
and of lower bond-strength than for normal metals, and 
if a general-purpose wheel is required, then either of the 
following vitrified wheels should satisfactory: 
Carborundum (C36-K4-VE or Norton Chrystolon 37C- 
16-KS5V. 
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Lapping 

Lapping should never be employed on metallized 
bearing surfaces, since the abrasive can become lodged 
in the pores of the metal with serious consequences. 


Keyways 


It is better practice to form a keyway during spraying 
by the insertion of a dummy key rather than to attempt 
to cut one in an otherwise unbroken periphery of 
sprayed metal. The latter procedure would release the 
contraction stresses in the coating and possibly damage 
the bond. Carbon is very suitable for making up into 
dummy keys, or for plugging oil holes, ete., while spray- 
ing, and presents little difficulty during machine finish- 
ing. When fitting a key the coating should be backed 
away so that the load is carried on the solid metal only. 


Machining Allowance 


Allowance is necessary to dispose of the top oxide 
layer, the natural matt surface of the sprayed coating, 
and any unevenness resulting from the rough contour of 
the preparation. As the coating thickness increases, 
the tendency for initial roughness to follow through de- 
creases, so that the machining allowance becomes less. 
Generally 0.020 in. measured radially is sufficient when 
turning and about half that amount for grinding, but it 
is quite easy to assess what will be required from the 
character of the work. 


Time Lag Between Spraying and Machining 


When working to very accurate limits it is not only 
necessary to allow the sprayed coating to cool to room 
temperature, but also to allow it to settle down. Al- 
though contraction is a function of temperature the 
final adjustments in the material do not keep pace with 
the rate of temperature drop. While this does not 
affect the normal run of metallizing work, it has been 
found from time to time that where the metallized coat- 
ing is considerable in relation to the wall thickness of the 
parent metal, further action, after normal cooling, can 
be sufficient to affect dimensions or even distort an 
accurately ground surface. A recent case, under the 
author’s supervision, involved the metallizing of a large 
number of cylinder-liners externally. The first few 
were checked for tolerance (+0.00025 —0.00025 in.) 
and were well within limits with no ovality. Three 
days later they were rechecked and found to be oval 
+0.0005 —0.001 in., with room temperature approx- 
imately the same. These liners had shrunk further and 
distorted after grinding, and it was attributed to the 
fact that they had been ground as soon as they were 
cooled. When a time lag of two days was interposed 
between spraying and grinding, this trouble was elim- 
inated. During the two days following metallizing the 
“dead” note originally given by a piece of sprayed high- 
carbon steel changes gradually to a bell-like tone which 
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Fig. 13) Metallising journals of Diesel-engine crankshaft 


is suggestive of some internal process continuing beyond 
the cooling-out stage. The subject is an intriguing one 
and has been engaging the author’s attention for some 
time, but it is not anticipated that it will lead to any 
conclusions affecting technique, other than the already 


recommended time lag in connection with thin shells. 


BUILDING UP MACHINERY PARTS 


Building up machinery parts by metallizing covers 
such a wide range that it is convenient to list a few 
«lasses of work connected with marine engineering. 


Restoration of Worn Components 


Restoration to plan size is the most commonly under- 
tuken class of work, and the examples are so numerous 
as to make the selection of a typical case difficult. The 
selection of a crankshaft (Fig. 13) is done because there 


have been more crankshafts reconditioned by metalliz- 


ing than any other single component within the author's 
knowledge. The total number in Britain alone is prob- 
ably in the region of 50,000, and although they have 
mainly been small ones, quite a number of large Diesel 


crankshafts have been metallized successfully. They 
provide an excellent example of restoration to original 
size with elimination of the necessity for undersize 
bearings and provision for retreatment of the original 
shaft many times. Some years ago the Admiralty 
produced an excellent specification for the reclamation 
of crankshafts by metallizing and this has been the 
basis for much of the similar commercial work also 
undertaken in this country. It is not unusual to find 
that a metallized crankshaft bearing will outlast the 
standard article, and this is not surprising both on 
account of the oil-retaining properties of the sprayed 
metal and because crankshaft materials are often se- 
lected on account of their forgeability and toughness, 


rather than exclusively for wearing properties 


Vetallizing Oversize 


To extend the life of a mating part metallizing over- 
size is frequently resorted to. An example is found in 
building-up piston and pump rods oversize so that the 
gland may be bored to suit instead of requiring replace- 
ment or rebushing. Quite apart from the economic 
considerations building up oversize is regularly prac- 
ticed for such items as piston valves, while shortages of 
labor and materials often dictate that it shall be em- 
ployed in cases where standard sizes would normally be 
used. Pistons for all classes of engines are regularly 
metallized oversize. Figure 14 shows a rather different 
type of crankshaft reclamation work in which damage 
to areas other than journal bearings is being rectified by 


metallizing. 


Fig. 14) Each end of a press crankshaft being sprayed with steel after damage by failure of keys 
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This figure shows a crankshaft set up in a horizontal 
boring machine at the works of Messrs. Vauxhall 
Motors, Ltd., Luton, being metallized with 77 Ib. of 
high-carbon steel at the ends where the double keys had 
sheared and torn the surface. The driving gears were 
bored true but oversize and the shaft built up to suit. 
Owing to the very great swing involved, no lathe large 
enough was available and the complete work of machine 
preparation, spraying and finish-machining was under- 
taken in the boring machine. For spraying, the shaft 
with temporary balance weight was chucked at one end 
while the other end was carried in an improvised pedes- 
tal bearing as shown. For preparation and finishing, 
the job was packed up to the requisite height on to the 
carrier and the tool held in the chuck. The interesting 
aspect of this job is that it was undertaken twelve years 
ago as an emergency repair, with little confidence that 
it would do more than save an immediate hold-up on 
production. In fact, it is still operating satisfactorily 
and illustrates the point that the vast majority of those 
engineers who have accepted metallizing originally only 
tolerated it as a temporary expedient and have since 
been forced by experience to embrace it as sound recla- 
mation practice. Perhaps more important, however, is 
the fact that in such work as this, the distortion by 
welding, which was the only practical alternative, 
would have risked damage beyond repair. In any case 
it would probably have necessitated machining all 
bearings true, and no local facilities for remachining the 
crankpins existed. Considerations such as this form an 
excellent introduction to a cold process. 

Material and labor shortage may often dictate this 
method of “oversize” reclamation. It is also some- 
times employed in instances in which no reduction of 
“core-strength” of the member to be built up could be 
permitted. Removal of metal to allow the minimum 
permissible thickness coating can in this way be elim- 
inated, but even so, it is good practice to ignore any 
possible added strength due to the deposited metal. In 
all metallizing reclamation the engineer responsible 
should decide whether the component is strong enough 
for service without making any allowance for the 
strength of the coating. 


Metallized Inserts 

These are chiefly employed to permit a more valuable 
metal to be used only on that part of a component in 
which its particular properties are required. Both 
manufacturers and repairers take advantage of metal 
spraying for this purpose. Figure 15 shows an ex- 
cellent production application in the practice of G. and 
J. Weir and Co., Ltd., who line heavy-duty pump 
barrels with a thick nickel coating. This combines 
corrosion resistance with excellent wearing properties, 
whereas it would, of course, be economically impossible 
to produce the pump barrel completely in nickel, and 
normal plated deposits would be inadequate to allow for 
subsequent remachining when worn. Inserts are fre- 
quently metallized so as to form sleeves on shafting, and 
especially mild steel pump spindles which are given a 
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Fig. 15) Pump barrel being lined with sprayed nickel 


stainless steel or Monel-metal coating on areas subject 
to corrosion. 
times make metallizing the only possible method of re- 
pair, because a sleeve could not be fitted, e.g., a section 


Circumstances in repair work can some- 


of a shaft between two collars. 


Remedying Machining Errors 


An argument frequently put forward against the 
wider use of metallizing for this purpose is that once the 
machine shop people know of its existence, they may 
become careless in the certain knowledge that mistakes 
can be rectified. Although this implies confidence in 
the process, it does so in a negative manner, which 
might react unfavorably to the wider use of the metal- 
lizer. The author has investigated the suggestion in 
three machine shops and statistics in each case have re- 
vealed that the incidence of careless errors has tended to 
decrease after a spray-gun has been installed for recla- 
mation. It is believed that this is largely due to the 
fact that metal spraying a machining defect gives 
much greater publicity to the error than does the mak- 
ing of a new part. At any rate, some hundreds of 
machine shops, in Great Britain alone, include a metal- 
lizing gun in their equipment, using it as a “‘putting-on 
tool” with the same confidence that they show in em- 
ploying an orthodox lathe tool. The classes of work 
include not only shafting, but bores and internal ball- 
race housings and flat surfaces. It is not usual to build 
up screw threads by metal spraying, since, in general, the 
shear stress on the bond is too great and in any case 
sprayed metal is not very suitable for this class of load- 
ing owing to its structure. Much the same may be said 
of the actual working faces of ball and roller races, in 
which the respective point and line contacts impose too 
great a stress trying to force the particles of sprayed 
metal apart. It is true that some ball and roller races 
have been successfully built up by metallizing, but only 
in cases of very light loading, with the exception of work 
recently carried out by the spray weld process. 

The suitability of spray welding to carry heavy 
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localized loading is due both to its hardness and to the 
fact that the heat treatment results in the sprayed 
particles flowing together so that the coating can no 
longer be regarded as a regular sprayed-metal deposit. 
For press fits and shrunk-on collars, sprayed metal, par- 
ticularly if loaded with oil or colloidal-graphite, ex- 
hibits considerable resistance to “fretting-corrosion,”’ 
that is to say the type of corrosion which is believed to 
result from the slight relative movement of two parts, 
one of which is subject to severe alternating stresses only 
partially passed on to the second member by virtue of 
the tightness of the fit. A gear wheel shrunk on to a 
crankshaft is an example. Sprayed metal itself, when 
forming a sleeve on a shaft—a crankshaft again being 
an excellent example—might well be expected to ex- 
hibit this phenomenon, but it has only been found on 
one occasion by the author, and the part was a thick 
coating on the nonlubricated end of a large industrial 
crankshaft, which was being examined after many 
years service (it had been prepared by blasting before 
any of the later surface-preparation techniques had 
been devised), and was comparable with what might be 
expected of a shrunk-on sleeve. 

It is believed that by any of the other methods of 
mechanical bonding outlined in this paper, the keying 
effect is sufficient to prevent relative movement, even 
the microscopically small movement that can give rise 
to this form of corrosion, so that such vibrations and 
stresses as occur in the parent member are passed on to 
the coating. This matter is not merely of academic 
interest, since fretting or rubbing-corrosion can be a 
factor in giving rise to such stress concentrations as 
While there 


remains room for much more useful work to be done on 


may ultimately cause failure by fatigue. 


this aspect of coating parts subject to alternating 
stresses, it is encouraging to note that all the evidence 
of metallizing work during the past fourteen years ap- 
pears to indicate that the process combats fatigue 
rather than encouraging it. Referring to Table 3 com- 
paring bond strengths it is worthy of note that blasting 
stretches a surface in such a manner as to render it less 
liable to fatigue than a similar polished surface, and 
this even though a sharp abrasive be employed. 


Oil Absorbent Bushes 


These may be formed either by lining conventional 
bushes internally by spraying or may be manufactured 
entirely by metallizing. Babbitt metal is generally 
employed as the actual bearing metal and the method of 
manufacture of complete bushes by metal spraying is as 
follows. 
drel is cleaned and “dulled,” but not roughened, by 
Babbitt metal is then sprayed over the 


A very slightly tapered and undersized man- 


blasting. 
mandrel to the requisite thickness, usually 12 to ' 900 
in. but with the thickness compensated for the mandrel 
taper so as to finish parallel. Thereafter, the spraying 
is continued to give a wall thickness of from! , to! 4 in. 


with whatever metal may be required for the bearing 


shell, steel, bronze, aluminum and even magnesium 
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having been employed for this purpose successfully. 
Thereafter, the outer surface is turned to finished di- 
mensions and the bushes parted off, it only remaining 
necessary to reamer the bores parallel (located by the 
perimeter) to complete the machining. Before putting 
such bushes into service they are impregnated with oil 
containing colloidal graphite by dipping, or, if max- 
imum absorption is required, by subjecting to a vacuum 
followed by oil under pressure. Bushes of this kind are 
economical to manufacture and are particularly suitable 
for inclusion at points where lubrication may be 
neglected by reason of inaccessibility. 


Casting Faults 


These are not always detected before it is too late 
to replace or uneconomic by reason of considerable 
machining work having been carried out. The in- 
formed engineer will in such cases wish to consider 
whether the defect can be remedied by metal spraying, 
but will have well in mind that metallizing does not 
substantially strengthen a casting. Having decided 
that the part has the requisite strength he will know 
that metallizing can be employed for the following 
purposes: 

(a) Building Up Where Undersize: Provided that 
the bond between the coating and the casting is not 
subject to considerable shear-stress, nor the resulting 
surface liable to impact or excessive localized loading 
the process is as previously described. 

(b) Sealing Porosity in Castings: This may at first 
sight seem contradictory in relation to the claims made 
for the oil absorbing properties of sprayed metal, but 
not so when it is realized that the porosity of the coating 
is a function of the thickness. The paths through 
sprayed metal become increasingly devious as the thick- 
ness increases. Furthermore, by decreasing the dis- 
tance of the gun from the work, the incidence of welding 
between particles increases—and slight preheating of 
the casting (insufficient to cause oxidation) can be used 
to exaggerate this until porosity is eliminated. 

(c) Cracks in Castings: These can often be tempo- 
rarily, and in some cases permanently, prevented from 
leaking even under considerable pressure. The tech- 
nique of repairing cracks, except in cuprous alloys, has 
been greatly improved by the invention of Sprabonding. 

(d) Unsightly Blowholes: These can be sprayed 
with metal matching the casting, and when occurring on 
a working surface can, by careful selection of a material 
giving an equivalent wear-resistance, be made to render 
an otherwise useless part quite serviceable. 


Vetallizing Patterns 


Perhaps the chief use of metal spraying in connection 
with patterns in ship repair work has been to apply 
quickly the necessary machining and shrinkage allow- 
ances on actual castings which have to serve as emer- 
gency patterns. The parts requiring added metal are 
cleaned, preferably by blasting, but sometimes only by 
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rough filing, and a coating of zine applied to the neces- 
sary thickness. This is particularly convenient on 
parts which, owing to their shape, cannot readily be 
enlarged for use as a pattern by the usual means. Addi- 
tionally, patterns for repetition work can be made 
undersize of wood and then metallized, with the ad- 
vantages of lightness in use, easy alteration by spraying 
metal to thicken a webb or alter a curve, and elimina- 
tion of warping. 


Emergency Repairs 


Ship repair work is so frequently a matter of urgency 
that many of the classes of work already mentioned fall 
within this category at some time or other. The work 
on the port main turbine casing of H.M.S. Verity, 
described earlier, is an example, and another instance 
occurred on the same vessel which illustrates how well 
metallizing is adapted to eliminate delays in shipping. 
Figure 16 shows the top and bottom halves of Verity's 
port circulating pump, damaged by an underwater 
explosion at the same time as the other major defect. 
The pump, originally manufactured in France, had no 
patterns or spare parts available and was so distorted 
that the author could get his fingers between top and 
bottom casting flanges. The bearing housings were 
pushed upward ® yj. in. and the impeller-boss axial 
clearance increased by °5 in. Time was the essence of 
the repair, and metallizing solved the problem. A 140- 
Ib. weight of bronze was deposited over the “low” 
surfaces, and the two castings remachined to original 
dimensions with completely satisfactory results. 

The chief factors favoring metallizing for emergency 
repairs are: 

1. Speed with which the work can be carried out — as 
much as 20 Ib. of steel or much larger quantities of lower 
melting point metals can be deposited in an hour, so 
that it is quicker than welding to apply, and much less 
machining allowance is necessary by spraying. 

2. Risk of heat damage is eliminated so that parts 
can often be metallized in situ, e.g., a turbine bearing 
can be metallized with the rotor in position without fear 
of distortion, and the same applies to sealing a erack ina 
Diesel engine cylinder block water jacket. Figure 17, 
showing the metallizing of a turbine shaft in situ, is 


typical. Figure 18 formed the subject of an in situ 


Fig. 16 Top and bottom half castings of a circulating 
pump built up with 140 lb, of bronze on flanges, bearing 
housings, ete. 
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Fig. 17 Turbine shaft being repaired in situ 

repair on an ammonia compressor and, although similar 
to marine engineering applications, this work was car- 
ried out in a London brewery under the guidance of the 
chief engineer. The gland cover was removed so as to 
expose the shaft which was metallized with stainless 
steel and reground with a portable tool post grinder 
successfully without removing the shaft from the com- 
pressor. 

3. The most appropriate metal can be selected with- 
out reference to its fusibility to the parent metal, so that 
a limited variety of metal wires will cover all likely 
Classes of repair work. 

4. It permits using worn and oversize mating mem- 
bers with consequent advantage. 

5. Metallizing is often the only possible means of 
salvaging a worn part, and yet it involves no special 
plant with the exception of the hand gun provided an 
adequate supply of compressed air is available on site. 


General Marine Applications of Building-up 


Work 


The ideal example of metallizing, and one which is 
not only well proved, but particularly easy to accom- 
plish, is building up an unbroken periphery, such as a 
journal bearing. Whereas it takes approximately three 
days for an operator to be intensively trained in all 
classes of building-up work (provided he is able to use a 


dmmonia compressor repaired without dis- 
mantling 


fig. 18 
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lathe), in a single day a man of average intelligence will 
be quite capable of learning how to build up worn 
journal bearings faultlessly. The manufacturers of 
metallizing equipment train operators, although with 
such a book as the Metco Metallizing Manual in his 
hands, a foreman can quite easily train a machinist in 
preparation, spraying and finishing, beginning with the 
straightforward reclamation of bearings 

Propeller shafts are perhaps the simplest class of 
work on which to begin, and are well worth doing, not 
only on account of the longer service obtainable from 
metallized journals, but because such shafts do not 
readily lend themselves to welding on account of dis- 
tortion. Steel or bronze shafts, large or small, at the 
A-bracket bearing, stern gland or any plummer block 
bearings, are all equally suitable. Figure 19 shows two 
guns simultarieously spraying a propeller shaft journal 


Fig. 19 Propeller shaft journal being metallized in a lathe 


The period just prior to D-Day found metallizers 
busy around the southern coast of England making good 
the ravages of corrosion on the tailshafts of landing 
craft. With salt water as the electrolyte and_ steel 
shafts against bronze bearings, many of these craft had 
stood in creeks and rivers long enough to ‘“rust-up 
solid,” and but for the metal spraying process might 
have presented a major problem. Fortunately, it was 
found possible to salvage these shafts well inside the 
time limit. 

The turbo-pump shaft, illustrated in Fig. 2, is typical 
of repairs to auxiliary machinery, which, of course, in- 
Where 


corrosive conditions are encountered, stainless steel and 


clude also all types of pump and piston rods 


pure nickel are the general choice, and as a rule stainless 
steel is favored for a rotary part and nickel when recip- 


Stainless steel is not 


rocating motion is involved. 
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recommended where it would be in contact with leather 


packing; it is, however, one of the metals chiefly em- 
ployed on shipwork, so that a word as to its properties 
in relation to the solid metal may be worthy of inclusion 
here. In order to retain its quality of resistance to 
corrosion, stainless steel must have a high finish, such as 
is imparted by grinding. The characteristic matt finish 
in the sprayed condition is, therefore, not the most suit- 
able type of surface to withstand corrosion and must be 
corrected by turning or grinding. It is worthy of note 
that the time taken to heat, atomize, deposit and cool 
the metal below the critical temperature during spray- 
ing is insufficient to permit migration of carbon to the 
grain boundaries, so that, unlike welding, there is no 
risk of “weld decay” when spraying any of the wide 
range of austenitic steels. .A material developed from 
the well-known 18-8 stainless steels is often employed 
where corrosion resistance is all important High- 
chromium steel known as “Metcoloy 2” is by far the 
widest used metal for building up worn parts which, in 
addition to requiring reasonable resistance to corrosion 
must be particularly hard wearing. Pump rods, hy- 
draulie rams, deck and dock machinery parts are reg- 
ularly metallized with this material with excellent re- 
sults. 

Pistons have recently received more attention from a 
metallizing point of view due to shortage of supply 
In general it was considered previously that only really 
large pistons were worthy of treatment, except that the 
skirts of small pistons were sometimes metallized to 
e not usually 


take up piston slap ting grooves a 
metallized, since as new rings are usually called for it is 
easier and cheaper to make the new rings wider than the 
original and machine the grooves oversize. ‘The lands 
between the grooves on the lurger pistons are now reg- 
ularly spraved, a shoulder being left at each end of the 
land when carrying out machine preparation 

Some experiments with the reclamation of aluminum 
and light-alloy pistons are not without interest. These 
can be built up with high-carbon steel with only negli- 
gible increase of inertia forces, and have very good 
wearing properties. Tests suggest less evlinder or liner 
wear than when the “solid” aluminum or light alloy pis- 
tons are employed. Metallizing has also been em- 
ployed to rectify piston top damage, and within pistons, 
bands of copper have been sprayed to conduct heat 
away from undesirable hot spots 

The more difficult problems connected with building 
up by metallizing relate to the treatment of flat surfaces 
or spraying internally in bores. In general these classes 
of work require more particular attention to prepara- 
tion so as to anchor sufficiently well to take care of con- 
traction stresses. Wherever possible spraying of flat 
surfaces is continued over edges, and if a heavy coating 
is required it is advisable to Sprabond the surface before 


applving the coating material. Internal work, of 3 
in. diameter and above, can generally be carried out 
satisfactorily, but where spraying is all from one end of a 
small bore, then unless extension equipment is used in 
connection with the gun, it is not practical to spray the 


Marine Metallizing 553 


¢ 


bore to a depth greater than the diameter, or twice the 
diameter, if spraying can be carried out from each end. 
The reason is that the spray should strike as nearly as 
possible normal to the surface, but in no case at an 
angle of less than 45°. Where greater depths are re- 
quired, the front of the metallizer is extended by a tube, 
and a deflecting nozzle, known as an angular air cap is 
employed to deflect the spray sideways on to the walls 
of the bore being treated. 


Fig. 20 Repair of oversize bore in sternpost 


Figure 20 illustrates internal work—a recent instance 
of remedying clearance between the stern-tube and bore 
of the stern-post on a Gosport-Portsea ferry steamer. 
The 9-in. diameter hole was Sprabonded and metallized 
with '®/jo99 in. thickness of zine, scraped true and the 
stern-tube pressed back in place in less time than 
would have been required for fitting “shims” and the 
result was much more reliable. 


PROTECTIVE COATINGS 


The Theory of Corrosion 


In order to be in a position to select a suitable mate- 
rial to resist particular conditions of corrosion, it is 
necessary to have at least an elementary conception of 
the theory of corrosion, and in addition to understand 
the structure of sprayed metals so that due allowance 
ean be made for its influence upon the problem. So 
many factors affect the rate of corrosion between 
metals —and some of these factors are so elusive—that 
it is good practice to confine actual work to classes for 
which there are successful precedents or, alternatively, 
to carry out tests under cireumstances which as nearly 
as possible duplicate the conditions of service. Only by 
such means will the marine engineer be able to apply 
corrosion resistant coatings with confidence, and even 
then if his opinion is based on laboratory tests rather 
than actual experience, results may not justify expecta- 
tions. Fortunately, however, we now have a wealth of 
experience on which to draw, so that reference to the 
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theory of corrosion is made mainly as a matter of in- 
terest though it can be useful in the selection of likely 
metals for a test. Corrosion problems in connection 
with metal-sprayed coatings commonly involve two 
metals only, so that it is worth while considering the 
effect that one metal may have on another. It is pos- 
sible to arrange metals in order, based on their tendency 
to set up galvanie corrosion on each other. (This is not 
quite the same thing as the electro-chemical series, 
though similar.) The list begins with materials which 
are the more readily attacked, or what is known as the 
anodic end of the series, and continues in order of merit 
until it ends in the more noble or cathodic materials 
which themselves derive protection from contact with 
the more corrodible metals higher in the last. 


Galvanic Series* 


Corroded end (anodic): Magnesium 
Aluminum 
Duralumin 
Zine 
Cadmium 


Iron 

Chromium iron (active) 

Chromium-nickel-iron 
(active) 


Soft solder 
Tin 
Lead 


Nickel 


Brasses 
Bronzes 
Nickel-copper alloys 
Copper 


Chromium-iron (passive) 
Chromium-nickel-iron 
(passive) 


Silver solder 


Silver 
Gold 
Protected end (cathodic) Platinum 


The metals are grouped and those in each group do 
not possess any strong tendency to set up galvanic 
corrosion With each other. Contact between metals far 
apart in the list tends to corrode the one in the higher 


group. Circumstances may cause metals to change 
their position in this list, but usually only within a 
group, i.e., not between groups. The chromium-irons 
and chromium-nickel-irons, however, are an exception 


* From The Corrosion Resistance of Metals and Alloys, by MeKay and 
Worthington 
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in that they take one or other of the positions indicated 
according to oxidizing conditions, acidity and chloride 
in solution. The list as arranged, however, is correct 
for a large number of dilute water solutions including 
sea water and both weak acids and alkalis. 

Sacrificial Action of Anodic Coatings. All marine 
engineers are familiar with the protection afforded to 
steel by the introduction of zine slabs in intimate con- 
tact with the steel, and as near as possible to any 
corroding influence. The degree of protection varies 
inversely with the distance from the zine slab, so that if 
the steel could be covered all over with a large number 
of very small zine slabs, it might be anticipated that 
whereas the zine itself would be attacked, complete pro- 
tection would be afforded the steel. This, in fact, is 
just what happens when steelwork is zine sprayed on all 
exposed surfaces. The commonest material requiring 
protection by metal spraying is, of course, steel, denoted 
in the galvanic series by its main element, iron. Anodic 
protection of steel is afforded only by those metals 
appearing higher on the list, and aluminum, zine and 
cadmium are all employed for this purpose, although 
cadmium to a much lesser extent on account of its high 
cost. It may at first sight appear absurd to use a metal 
which will corrode in order to protect another metal. 
The explanation is that while the initial attack on ex- 
posed zine or aluminum will be rapid, the oxides which 
form during the attack stifle further action until they 
themselves are either mechanically removed or dis- 
solved so as to expose more of the protecting metal. 
Protection may thus be truly described as being afforded 
by the zine or aluminum oxide, respectively, the balance 
of metal remaining in the coating acting rather as a 
reservoir to supply further oxides to replace losses. — It 
is unfortunate that rust—the oxide of the commonest 
metal, iron—has no such advantages, but it is an easy 
matter to replace it with a surface which will behave in 
the manner described 

It has already been noted that sprayed metal is por- 
ous, but this provides no great difficulty when using the 
coatings to give anodic protection because the formation 
of the zine or aluminum oxide seals the pores and pre- 
vents exposure of the steel base. While aluminum may 
claim certain advantages, especially industrial 
atmospheres, because its oxide is not so readily soluble 
in rain water, zine is the metal recommended for protec- 
tion of steel against sea water corrosion both for immer- 
sion and for very salt atmospheres. For immersion in 
hot fresh water—particularly hard water—aluminum 
is the better coating, although it gives disappointing 
results with some soft waters. Zinc, however, is not 
satisfactory in any water at temperatures exceeding 
125° F. 

Anodic coatings fulfill two useful functions in service, 
after initial attack has occurred; they protect a surface 
mechanically (as indeed most coatings do), and in addi- 
tion sacrifice themselves in such a manner as to continue 
to give protection. Even if damaged, as by scratching, 
the oxide tends to bridge any gaps, and if too great to be 
bridged the very presence of the anodie metal in close 
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proximity and intimate contact will regard the corro- 
sion rate of the exposed surface 

Cathodic coatings are sometimes 
Because 


Cathodic Coatings. 
employed for protecting parts from corrosion. 
the average engineer has a working knowledge of how 
metals behave in the “solid” state, he is apt to expect 
too much of cathodic metals when sprayed. This is 
largely due to the porous nature of sprayed metal and 
unless considerable thicknesses of cathodic metals are 
employed, coatings fail by reason of attack on the par- 
ent metal through the pores of the sprayed coating. 
Reverting again to the galvanic series, it will be noted 
that there is an extensive list of metals below iron which 
are all cathodic to iron—some indeed, such as copper, 
are pronouncedly so. Consider, therefore, what hap- 
pens when a thin coating of copper is sprayed on iron or 
steel. The electrolyte, which may be rain water, sea 
water or perhaps something more corrosive, will find 
paths through the copper by which it can attack the 
steel. Since the steel is anodic to copper, the copper 
will tend to be protected by its contact with the steel, 
and the steel itself may be the more rapidly attacked 
The sacrificial action so laudable in zine or aluminum 
with respect to steel is the source of weakness when the 
steel becomes the anode and is itself sacrificed. Cathodic 
coatings if too thin and porous, or having pinholes, 
scratches or other means of exposing the anodic base 
material, may accelerate corrosion rather than retard it 
Once this basie principle is properly understood, it 
follows naturally that cathodic coatings such as stain- 
less steel, tin, lead, nickel, bronze, etc., 
dered impervious to the corroding influence either by 
the thickness of the coating employed when applied to 
machine element reclamation work, or by sealing the 


must be ren- 


porosity in thinner coatings—a course frequently re- 
sorted to when applying coatings to resist corrosion. 
Sprayed tin, which is quite an expensive metal, re- 
quires approximately '5/ i900 mn. thickness to prevent 
access by most liquids, and even then must be scratch- 
brushed with a stiff wire brush to close mechanically the 
With liquids of low viscosity 
However, even 


pores as far as possible. 
even thicker coatings are necessary. 
half this amount can be used satisfactorily if the pores 
are originally sealed by spraying, brushing or dipping 
with a suitable sealing medium to withstand the par- 
A type of bakelite varnish 
is sometimes employed for this purpose, while on other 


ticular conditions of service. 


occasions chlorinated rubber may prove more suitable. 
Sprayed lead is often similarly sealed. It is less usual to 
seal nickel, copper and their alloys, as these are largely 
restricted to building up worn parts where the coating 
thickness will be sufficient to prevent contact between 
the base metal and the electrolyte but where excessive 
pressures are anticipated, as with hydraulic rams, lin- 
seed oil mixed with 5°] by volume of cobalt liquid drier 
is found suitable. 
Coating Thickness. 1t will be obvious from the fore- 
going that a great deal depends upon the thickness of 
coating employed and the total life of anodic coatings is 
very largely proportional to their thickness. Alu- 


minum and zine are generally applied in thicknesses vary- 
ing from 0.004 to 0.012 in. according to the conditions of 
service and life required. With cathodic coatings the 
thickness is more critical in that below a certain min- 
imum, which will vary according to circumstances, such 
coatings are useless by reason of their porosity while 
above that minimum, except for a reasonable margin of 
safety and allowance for mechanical loss by abrasion, 
if any, additional life may not be achieved by increasing 
the thickness. Before using cathodic metals for coating 
work, therefore, one is well advised to consult suppliers 
of equipment for their recommendations until sufficient 
experience has been gained within one’s own particular 
field. The measurement of thicknesses of nonmagnetic 
coatings on to magnetic bases and, of course, more par- 
ticularly the commoner coatings of zine and aluminum, 
are generally determined by either an electric layer 
thickness meter or a magnetic meter which respectively 
interpret electrostatic capacity of a small area of the 
plate or, similarly, the interference of the magnetic field 
from a small permanent magnet, so as to give the mean 
thickness of the part of the coating being tested in 
thousandths of an inch. However, most commercial 
work is carried out very uniformly to the requisite 
thickness by weighing an amount of wire for a given 
area until the operator has sufficient practice in apply- 
ing coatings to know when he has deposited the requi- 
site amount. Uniformity of thickness is achieved 
much more easily than might be anticipated. The 
ribbon of metal deposited in a single pass of the spray 
gun tends to be thicker toward the center than at the 
extremities, so that parallel strokes should be applied, 
each successive ribbon overlapping the previous one by 
approximately one-third. With modern equipment it 
is usual to arrange the speed of movement of the oper- 
ator to coincide with a deposition of 0.002 in. thickness 
for each pass, and for subsequent layers to be applied by 
making passes at different angles. Where two coatings 
of 0.002 in. each are to be applied, the second is applied 
in a direction at right angles to the first. If three 
coatings are used it is convenient to make the angle 60° 
between each coating. It follows that the greater the 
number of coats applied, the more nearly will uniform- 
itv be achieved. For flat surfaces '/,-Ib. zine or 1" s-oz. 
aluminum will produce a coating of 0.005 in. thickness 
and pro rata. On narrow sections and on edges due 
allowance must be made for losses, but in practice it all 
becomes much easier than its description may imply. 
If measurement of thickness is read by a micrometer, 
then additional allowance must be made for the charac- 
teristic matt finish, so that the average thickness issome- 
what less than the apparent thickness read by such 


means 


Finishes Applied Subsequent to Spraying 


Painting. The matt surface of sprayed metal ren- 
ders it very suitable for bonding paint and, unlike 
galvanizing, no 
have been employed in producing the coating. The 


weathering” is called for since no acids 
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success ot the painting will largely depend on the choice 
of paint, which must be suitable for the matt surface 
and selected as appropriate to the particular metal of 
the coating. The former consideration applies to all 
sprayed metal coatings and, in general, it is important 
that the paint must not be so thin that it will be 
absorbed in the pores of the sprayed metal or so thick 
that it will bridge across the “valleys” in the matt sur- 
face. Quick-drying paints should be avoided, except 
when a very thin coating is to be employed, e.g., a 
lacquer finish for appearance. When paint is to be 
applied to sprayed zine it is recommended that zine 
chromate or iron oxide-zine chromate paint be used, and 
these should preferably be in long oil varnish vehicles or 
those made with bakelite and glycerol-phthalate resins. 
Bituminous base paints are sometimes used but are not 
generally regarded as being equally satisfactory. Red 
lead must not be used with zine coatings nor must anti- 
fouling compounds be employed with them since most 
of these contain metallic copper which would result in 
rapid corrosion. Paints which are suitable for use on 
zine coatings are generally suitable for aluminum, and 
in addition pigments such as aluminum, iron oxide, red 
lead, titanium oxide and zine oxide held in durable 
vehicles may be used on top of sprayed aluminum. 

Coatings Used to Support a Sealing Medium.  Reter- 
ence has already been made to sealing metal-sprayed 
coatings, but there is another aspect of this which in- 
volves the use of the sprayed metal largely as a vehicle 
to hold a second material. It has been found, for in- 
stance, that protection of tanks to hold certain edible 
oils is adorded just as much by an extremely thin coat- 
ing of, say, 2/\000 in. thickness of aluminum as by a 
coating many times thicker, but only if, immediately 
after spraying, the coating is saturated with the par- 
ticular oil which it is intended to carry in the tank. 
The sprayed metal holds the oil in its pores by capillary 
action so that even when the tank is emptied a layer of 
oil will be interposed between the atmosphere and the 
mild steel tank, so preventing corrosion. Another 
somewhat similar example is the use of a very thin coat- 
ing of zinc or aluminum, followed by brushing, spraying 
or dipping with a solution of zine chromate. The zinc 
chromate held in the pores inhibits corrosion so long as 
it remains present. 


Steel Hulls 


Reverting to Fig. 1 showing the zine spraying of a 
ship’s hull this work proved unsatisfactory. Because 
the vessel's bottom had previously shown only negli- 
gible corrosion it was not zine coated. Thus the only 
wetted zine was a narrow band in the region of the water 
line, forming a relatively small anode with metallic and 
liquid paths to the large cathode formed by the steel 
bottom. Rapid attack on the ship’s sides first de- 
stroyed the paint and then consumed the zine, though 
the comparatively dry zine coating on decks and super- 
structure was scarcely damaged. Thus, failure to 
appreciate the factors governing corrosion made it 
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necessary to respray the sides and eventually to metal- 
lize the ship’s bottom although it had previously not 
been thought necessary. Some of the details already 
discussed can now be applied to this important applica- 
tion of the proeess. The recommended procedure is as 
follows: 

# Where small vessels are concerned considerable 
advantage may be derived from carrying out the work 
under cover when possible because otherwise weather 
conditions can cause delay 

2. It is necessary to rig up staging for the work and 
the author has found it well worth while rigging tubular 
scaffolding so as to eliminate delays in moving from one 
part of the hull to another. This is particularly advan- 
tageous in that it permits blasting to be carried out in 
one area and then continued in s second area some dis- 
tance away while metal spraying can be carried out 
immediately after each section has been blasted without 
holding up further blasting work 

3. Tarpaulins are arranged around the scaffolding so 
as to form cubicles to minimize risk from the flying 
abrasive. 

t. A sharp angular flint grit or other sharp sand of 
between 12 and 20 grade is employed. Steel grit would 
be quite effective, but there is usually so much loss of 
abrasive on this class of work that it is much cheaper to 
employ a suitable sand. Sea sand is smooth and un- 
suitable. 

5. Each part of the work to be treated is blasted to a 
rough and silvery finish, and if existing rust is very con- 
siderable it may prove economical to carry out prelim- 
inary chipping, or an some cases flame cleaning, though 
the latter is not usually necessary, and in any case only 
in certain comparatively small localized areas 

6. Zine is used for ship’s hulls because it is superior 
to aluminum for immersion in sea water. It is recom- 
mended that a hull be metallized all over since leaving 
part untreated may call for too much “‘sacrifice’” by the 
zinc. In any case all the immersed surface must be 
treated. 

7. The spraying of each section must be carried out 
immediately after blasting. It is not satisfactory to 
leave an area in the blasted condition overnight. The 
spraying should keep time with the blasting. The 
speed of blasting is dependent on the volume of com- 
pressed air available. Modern metal spraying equip- 
ment, which can deposit up to 55 Ib. of zine per hour 
permits metallizing at a rate exceeding the highest 
blasting rate. 

8. Where an area must be left for an hour or two 
zinc should first be applied lightly over the whole sur- 
face to be left and the work completed as soon as pos- 
sible thereafter. Even a thin zine coat will prevent 
early damage to blasted surfaces, otherwise the blasting 
should be carried out a second time. 

9. The recommended thickness of zine for steel 
hulls is '/to0 in. and this represents the use of '/-lb. 
zine wire per square foot. 

10. Vessels having steel propeller shafts and cast- 
iron propellers may have the exposed part of the shaft 
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and the propeller coated with zine similar to the treat- 


ment of the hull, but vessels fitted with bronze pro- 
pellers and shafts must have such parts coated with 
Monel metal. The thickness of Monel metal on the 
bronze shaft and propeller should be 12 to 25/j009 in 
when finished. If the propeller shafts are drawn for 
this purpose then the spraying of the shafts can con- 
veniently be carried out in a lathe and they can be fin- 
ished-machined so as to form a sleeve of Monel metal 
similar to the building-up work described earlier. If 
this is not possible, then the preparation of the shafts 
and of the propellers needs much greater care than is the 
case with the work on the ship’s hull; very considerable 
roughness of the base material being required to make a 
satisfactory bond for the Monel metal. These remarks 
apply particularly to the edges of propeller blades, and 
it is safer to employ either Sprabonding or fuse bonding 
on the shaft and propeller unless a very high standard 
of blasting ean be achieved. 

11. The subsequent treatment of the hull is, of 
course, as described in the section dealing with painting 


‘of zine coatings, particular reference being made to the 


remarks concerning the use of antifouling compounds 
Sprayed zine itself has some antifouling properties in 
cold waters. 

12. Generally it should be observed that the life of 
the zine coating is very largely proportional to its thick- 
ness, so that areas of maximum attack as, for instance, 
the ‘‘wind-and-water” area just above water level may 
have a slightly thicker zine coating, or any other part of 
the vessel where corrosion is found to be particularly 
rapid. In the same way it is possible to economize 
somewhat on areas which experience has proved to be 
less rapidly attacked. 

The zine spraying of steel hulls has been carried out 
much more in America and certain European coun 
tries—notably Sweden—than in Great Britain, al- 
though much has been done here during the postwar 


imerican fishing vessel afloat being sine sprayed 
from pontoons 


Fig. 21 
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period. Figure 21 shows an American fishing vessel 
being zine sprayed for protection. One prewar example 
of sprayed zine on a vessel impressed the author very 
A dredger had part of its deck metal 
sprayed where the action of salt water, plus abrasion by 
ballast falling on the decks during unloading, had very 
much thinned the deck plates until there was definite 
danger of failure. The vessel discharged ballast 
nightly, polishing part of the deck in so doing. The 
following day on putting to sea to refill with ballast the 
deck rapidly rusted, so that the evele of rusting and pol- 


favorably. 


ishing Was in operation daily. It was considered at the 
time that zine might not sufficiently well resist abrasion, 
but the comparison was not between zinc and steel, but 
between zine and rust. The zine spray was regarded as 
highly experimental, but it performed better than had 
been hoped and is still giving good service. A difficulty 
Was encountered recently when one of a number of 
barges that were zine sprayed rapidly threw off the 
subsequent coating of paint. It was found that the 
paint had been applied while the sprayed zine surface 
was covered with frost, and, of course, as might have 
been expected, this interposed layer completely de- 
stroved all chances of a good bond between the paint 
and the zine. But this happens when paint is applied 
to frosted steel plates also. 

Some partial failure of zine-sprayed hulls occurred 
before the necessity to coat the bronze propellers and 
shafts with Monel metal was fully appreciated. Zine 
coating the bronze parts is not a reliable alternative, 
since mechanical damage to the coating—a thing always 
likely to oceur with « propeller—rapidly results in coat- 
ing failure, though zine, sealed with chlorinated rubber, 
+ has been used with some success. Similar damage to a 
-steel hull, or indeed to a cast-iron propeller, does not 


22 Early example of steel hull being sprayed with zine 
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Fig. 23) Batch of cowls and hatchway covers protected by 
metallised sine coating 


have the same dire results. When the various points 
already made are appreciated by those in charge of 
metallizing a ship’s hull, the process proves not only 
reliable but of lasting value. Figure 22 shows a large 
American coal barge being metallized in 1934 and the 
most recent reports indicated that it was still giving ex- 
cellent service. 


Protection of Miscellaneous Parts 


Steel tanks and holds are regularly metal sprayed. 
There is, however, no complete answer to such a com- 
bination as oil fuel on one trip followed by salt water 
ballast on the next. Where tanks are employed for one 
specific purpose, metal spraying usually gives adequate 
protection. Deck fittings are regularly treated. It is 
interesting to note that aluminum fittings for yachts, 
ete., have been given added life by spraying with high- 
purity aluminum, the oxidized surface so produced im- 
parting some immunity from salt water attack. Fur- 


nace parts such as air cones for oil-fired boilers, and fire 


bars in coal-burning boilers have been protected against 
heat corrosion by spraying with high purity aluminum. 
Refrigeration rooms, including coils and fittings, are 
often zine sprayed to prevent corrosion. The list, of 
course, could be extended to include most items subject 
to corrosion. Figure 23 shows a batch of cowls and 
hatchway covers protected by metallizing with zine. 
Many complete steel launches have been treated in this 
manner, and ship’s lifeboats of all-steel construction 
with their constant exposure to heavily salt laden 
atmosphere provide another excellent example of the 
usefulness of the process. 

This paper seeks to stress both the limitations and 
usefulness of metal spraying in shipwork, so that those 
If such 
knowledge sometimes enables a chief engineer to expe- 
dite a repair, or a shipyard executive to give better 
service to shipping, then these notes on the marine 
engineering aspects of metallizing will have fulfilled 


who would use it may be justifiably confident. 


their purpose. 
(Discussion of this paper will appear in next issue). 


Tur WeLpiInGc JoURNAL 


| 
| 

| 
- 
558 


Save Steps with This Table 


Portable shop table holds your welding and cutting tools 


by L. W. Young 


HIS table provides a convenient working surface 
for your welding and cutting jobs. It can save you 


many steps because vou will have a vice, flux con- 


tainers, fire bricks and C-clamps right at your elbow 


You will also have plenty of room for any other tools 


you might need. 


The materials needed to build this table, and the 


dimensions, are shown in Fig. 1. Cut all parts with 


your gutting blowpipe and then bronze weld. The table 


goes together easily if you complete two subassemblies 


first. One consists of the 30-in. length with sidepiece 


and angle iron brace. The other consists of the 28-in 


legs with sidepiece and brace. To complete the frame- 


work, bronze weld the 39! \-in. scrap iron sidepieces and 


the other two braces to the subassembly. Then bronze 


ld stringer te the Fig. Firebricks, vise and C-clamps are always at hand. 
weld stringers or Joists to the racing sidepieces to pro- You can design attachments for holding other tools, too 


vide additional support. The table top is jeined to 


the sidepieces by continuous welding all the way around the table. Tack welds can also be used to secure the 


L. W. Young is with The Linde Air Products Co., Newark, N. J top. 


/Steel plate top 


-hy Zin. 


by Sin 
strap iron y 
sheet iron base 


joists 
for flux cans 


s-Angle iron 
brick carrier 


Sg wniron 
rod hanger 
for C clamps 


“3p-in cold 
\ steel axle diam 


/ 
lot 
/ by lin angle cast iron wheel 


iron braces <2: by 2-in angle iron leg 


Fig. 2 1 welding table like this is easy to make and easy to wheel about the shop 
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Provide «a recess for five firebricks and one or two 
cans of flux by welding two pieces of angle iron between 
the overhanging sides. Weld one angle to the ends of 
these sidepieces and the other to the 28-in. side as shown 


in the sketch. Place a 9' 4 x 5-in. piece of thin sheet 


The re- 


iron at one end of the recess for the flux cans. 


mainder of the space in this recess is used for firebricks 
Put on the wheels, vice and C-clamp holder last. You 
ean probably design attachments for holding other tools 
you want on hand for cutting and welding jobs. 


by H. A. Huff, Jr. 


T IS not uncommon to have to join the ends of two 
evlinders or tubes of sizeable diameter, and as the 
diameter increases, the problems of aligning, fitting 
and clamping the parts grows rapidly. The simple 

jigging method sketched here takes care of the problem 

of concentric alignment and clamping with minimum 
difficulty, and also permits tacking the joint quickly 

Since this type of girth clamp follows the 

work 


and easily. 
contour of the 
snugly, it does not in- 
terefere with rotating the 
work for position weld- 
ing. Longitudinal 
clamping can be used, 
when required, to main- 
tain the required fit-up of 
the parts. 

The jig is a suitable 
length of strap iron, 
formed to a circle, pro- 
vided with joints to open 
and close and slotted at 
intervals to permit access 


for tacking. The sec- 


Fig. I The 
struction of a band-type cir- 
cumferential jig in two halves 


basic con- 


fastened and 
around — the 


tions are 

tightened 

joined and tightened by 

bolts, and with suitable slots 
for tack welding 


parts bv bolts, toggle 
clamps, or turnbuckles at 
Width and 


thickness of the strap material, length and number of 


the joints. 


the sections, and the size and spacing of the slots will 
depend on the individual job. In one case, this type of 
jig was used on a 10-ft. diameter tank, and the strap 
required, in two seetions, Was made of 3/'s- by 4-in. ma- 
Angle clips 
were welded to the ends of the segments, and they were 


terial, with 4- to 5-in. slots 4 to 5 in. apart. 
drawn tight with heavy bolts. For smaller units, such 
as might be produced in numbers, a hinged unit with a 
quick-acting toggle clamp might be adviseable for faster 
attachment and removal. 
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Jig for Tacking Cylinder Girth Seams 


Fig. 2 


The jig as it is used on large diameter tubular 
parts with longitudinal clamping to provide good joint 
contact 


Fig. 3 
sion of the jig, with one joint hinged and the other closed 
by a toggle clamp 


1 suggested way of building a quick-acting ver- 


In use, the parts are brought together and clamped 
lengthwise as required, with the strap placed around 
them so that the slots open over the joint. When the 
strap is tightened, the two circumferences are held 
tightly in alignment, and after tack welding the clamp is 
removed to permit complete welding of the joint. 
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Designing for Welding—Part VI 


by Wallace A. Stanley 


N RECENT issues we have been discussing the basic 
design of projections for the use of projection weld- 
ing. Shown here are a number of typical examples 
of how this process may be applied. In each case a 

“wrong” way to design the parts is given together with a 

better way, in order to bring out important design con- 

siderations as they affeet the quality or cost of the final 
product. 

Thus, in Fig. 1, where it was desired to weld a flange 
to a tube, the use of an annular flange spot 
welded is not as good as making the flanges in two 
halves and projection welding them to the tube simul- 
taneously by direct projection welds. The reason 
is that the latter eliminates shunting of current shown 
at the left by the arrows of current flow around the tube. 
Note the use of elongated projections referred to in the 
last issue. The two halves cause a definite “break” in 
the current path, and require the current. to flow INTO 
the two halves rather than ARouND the rings which is 
now impossible 

Figure 2 shows two methods of attaching a stud to a 


Wallace A. Stanley is Application Engineer at the Progressive Welder ¢ 
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Figure 3 
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plate. The wrong method in this case employed projec- 
tion welding, the stud being held in a die. Cost is rela- 
tively high and the weld is not as strong as is obtained 
by the other method. The correct projection is of the 
annular type shown at the right. Note the space pro- 
vided around the stud for the flow of metal during weld- 
ing. The stud, sticking through the plate is actually 
reinforced by the plate and maximum strength is ob- 
tained by putting the weld in compression when the 
part is assembled. 

The advantage of using an annular projection weld 
upset in the flange of a bracket to be attached to a 
stamping is shown in Fig. 3. To spot weld parts like 
this is not only slower but also is more difficult since 
there is little clearance for the welding electrode. The 
projection welding operation, on the other hand, re- 
quires only a simple die for a one-shot operation, making 
all welds simultaneously. 

Shown in Fig. 4 are two methods of welding a bracket 
to a tube. The part, if designed as in the wrong 
method, has to be carefully located and rigidly clamped 


prior to welding. in the other method, a simple die 


Figure 4 


WRONG 


Figure 5 


WRONG RIGHT A<>\ 
DIES 
mC 
~ 


van be used and the part is practically self-locating and 
self-clamping. The extra clamping operations, both 
BEFORE Welding and unclamping AFTER Welding consume 
valuable production time, in addition to requiring the 
welding current to flow thru the stamping to reach the 
projections, which often results in uneven current dis- 
tribution, ete. The simpler construction at the right 
presents a direct backup of the projections and a 
direct current transfer. 


Another instance of the advantages of elongated pro- 
jections against the use of spot welds is shown in Fig. 5. 
Aside from the question of clearance for the electrode, 
the six small, close-spaced separately made spot 
welds are not stronger than the four simultaneously 
formed projection welds. Moreover the die can be 
made so that the parts are practically self-locating, and 
the maintenance of individual tips is then eliminated 


in favor of a larger die surface. 


Welding Galvanized Pipe 


by H. E. Simkins 


LARGE southern producer of galvanized and light 
metal fabrications, recently completed a galvanized 
iron exhaust stack approximately six stories in 
height and 36 in. in diameter which was metallic- 

with Ampco-Trode 10* electrodes. An- 

other similar string is under construction at the 


are welded 


present time. 

Welded construction was selected in preference to 
riveting in order to save time and metal weight. 
plete riveted design was originally specified but this 
was changed to allow all subassemblies to be welded in 
the down-hand position in the shop for ease of fabrica- 


Com- 


tion. However, the sections were joined during erection 
by riveting. 

These foundry ventilator stacks are fabricated from 
ll-gage galvanized iron and were welded with '/sin. 


* Shielded-Are Aluminum Bronze Electrode A.W.S.-A.8.T.M. Specification 


HE. Simpkins is with the Delta Oxygen Co. 


Data supplied by Ampco Metal, Ine. 


Pipe positioned and rotated for 
quality welds 
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diameter aluminum bronze electrodes using reverse 
polarity, direct current. 

Aluminum bronze electrodes were selected after ex- 
periments with numerous other electrodes because of 
the ease of application. 

Aluminum bronze electrodes can be applied at rela- 
tively low amperage settings because of the lower 
melting point which has four distinct advantages: 

1. Burn-off the zine coating on the pipe adjacent to 
the weld is held at a minimum. 

2. The excellent braze-welded bond secured is as 
strong and ductile as the base plate. 

3. Undereutting is eliminated. 

4. No back-up strip is required since the lower 
melting point aluminum bronze deposit only penetrates 
sufficiently to produce a small, uniform inside bead 
which requires no finishing. 

All subassemblies were positioned for welding and 
turned toward the welder as he held the electrode 
slightly off center in the direction of rotation producing 
exceptionally smooth welds free from surface pitting 
and porosity. The steel flanges were also welded to the 
light walled pipe using the same electrodes. 


Large group of welded assemblies ready for field erection 
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How to Weld Sheet Steel 


Part I—Oxy-acetylene welding* 


® Here’s how to make butt, flange, and corner welds in steel up to '/,-in. thick 


by K. H. Koopman 


EFORE you start to weld sheet steel the most im- 
portant step is to clean the sheet edges. Then 
select a light-duty oxy-acetylene blowpipe with a 
head recommended by the manufacturer, for the 
thickness of metal you are going to weld. Sheet steel 
material up to '/s in. in thickness usually requires no 
special edge preparation. On most jobs, complete pene- 
tration can be obtained by properly spacing the pieces 
of sheet to be welded. Detailed instructions for weld- 
ing preparation are given in the article “Getting 
Ready to Weld,” published in the July 1948 issue of 
THE WELDING JOURNAL. 
Place the pieces of sheet steel you are going to weld 
on the welding table. Space them about '/j¢ in. apart 


at the right end of the seam and about '/3 in. apart at 
the left end as shown in Fig. 1. (This applies only to 


material up to '/s in. in thickness.) These figures are 

for sheet 12 in. long and it is important to keep a space Fig. 1 Space the sheets about '/\¢ in. apart at the right 
end of the seam, and about '/; in. apart at the left end. 

K. H. Koopman is with The Linde Air Products Co., Newark, N. J The space allows for the expansion of the metal during 

* “Part Il-Heliare Welding” will follow at a later date welding 
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Fig. 2. This is the proper position for welding. Notice 
that the angle between the blowpipe and the surface, 
and the welding rod and the surface, is 45° 


between the two pieces of sheet for two reasons. First, 
the spacing allows the metal to expand. If the spacing 
is too small the sheets will soon butt together and may 
even overlap. Of course, this would make it almost 
impossible to weld. Second, this small space allows you 
to melt the edges of the metal all the way to the bottom 
and obtain complete penetration. 

Here's a general rule to remember when the material 
is more than 12 in. long. <A space of '/j. in. should be 
maintained 12 in. ahead of the weld for the entire length 
of the seam. To keep this proper spacing you will 
probably need an H-type clamp that can be moved along 
as the welding progresses. 


TACK WELDS 


To keep the proper spacing bet ween the two pieces of 


sheet metal, it is a good idea to tack weld the ends of the 
seams before welding. To make a tack weld, hold the 
lighted blowpipe and the rod as shown in Fig. 2. This 
is also the proper rod and blowpipe position for welding. 
Hold the blowpipe steady so that the flame will play 
upon the two corners at the right end of the seam. 
(These instructions are for right-handed welders.) Keep 
the edge of the welding rod in the outer part of the flame 
envelope. This will enable you to bring the rod to the 
proper temperature at the same time that the spot on 
the sheet is at the melting point. 


Fig.3 Tack welds at each end of the seam keep the proper 

spacing between the sheets. To make a tack weld, heat 

the corners of both sheets. Allow the edges to break down 

slightly and flow together. Then add metal from the 

welding red until you form a puddle about * to in. 
in diameter 
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Just as two small spots of molten metal begin to form: 
on these corners, add some molten metal from the 
welding rod. It will form a bridge between the two 
small puddles. Continue to play the flame upon this 
puddle, melting metal from the two corners and adding 
metal from the welding rod until the puddle has 
reached a diameter of about °/\, to */s in. Then allow 
the puddle to cool and solidify. Now, make certain that 
you can have the proper spacing bet ween the two sheets 
and that they are flat and even. Then make a tack 
weld at the other end. When you have made the two 
tack welds, place the two sheets so that the narrow 
space is at the right edge of the sheets as shown in Fig. 
3. 


BUTT WELDS 


You are now ready to start the weld itself. Place the 
sheet so that the seam will come over an opening in the 


Fig. 4 The rod and blowpipe must be raised and lowered 

during welding. The top sketch shows the position of 

the rod and the tip when the rod is raised. Now the flame 

is heating the metal ahead of the weld. The lower sketch 

shows the position of the rod and tip when rod metal is 
to the weld 
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table. If the table top is solid, place a piece of welding 
rod under the left end of the two sheets. If the sheet is 
flexible you may need more than one piece of rod. This 
provides an air space so that the weld and table do not 
touch. 

Play the flame upon the tack weld at the right and 
remelt a small puddle on the surface. At the same time, 
hold the end of the rod within the outer envelope of the 
flame without actually melting it. When the tack weld 
starts to melt, add metal from the welding rod to in- 
crease the size of the puddle. As the puddle becomes 
larger and hotter, you will get the proper penetration. 
You must not let the puddle get too hot or the bottom 
will drop out and leave a hole. Build up the puddle a 
little above the top surface of the sheet. Keep the 
molten puddle '/, in. in diameter, and move both the 
blowpipe and rod forward in a straight line across the 
sheet. The flame should move from side.to side so that 
it is first on the edge of one sheet and then on the edge of 
the other. This will bring them both to the proper 
welding temperature at the same time. 


KEEP THE ROD AND BLOWPIPE IN MOTION 


While you are welding, the rod and the blowpipe 
must also be raised and lowered as shown in Fig. 4 
Notice that when the rod is raised out of the way, the 
flame heats and melts the sheet ahead of the bead and 
forms a puddle. When the rod is lowered and placed in 
this puddle the flame melts the end of the rod, and the 
weld metal flows into the molten puddle. Do not allow 
molten metal from the rod to drop into the welding 
puddle, but lower the end of the rod into the puddle to 
add metal. If the rod sticks to the weld do not try to 
jerk it loose. Simply play the blowpipe flame directly 


Fig. 5 The top picture shows the top surface of a good 

butt weld in sheet. Practice until your welds look like 

this. The underside of the same weld is shown in the 

lower picture. Notice that the weld penetrates completely 
through the sheets 
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Fig. 6 To make a flange weld, turn up the base metal 
like this. No welding rod is added to a joint of this type. 
Clamp the pieces so that their edges touch 


on the end of the red and it will quickly come free. 
Usually, the rod will stick only if it is cold and has not 
been heated in the flame or if the puddle is not in the 
proper condition. 

Two things should be watched closely. As you allow 
the molten metal from the welding rod to mix with the 
edges of the sheet steel, these edges should be molten 
and in puddle form. They should be in this condition 
all the way through to the underside of the sheet because 
this is the only way to get complete penetration. 

The other thing to watch is the build up of the weld. 
It should be higher than the surface of the sheet. You 
can do this only by adding sufficient welding rod metal 
to the rear of the puddle. 

Hold the blowpipe lightly so that you can guide it 
smoothly without jerks or without fatigue. If you are 
sitting down, hold the blowpipe like a pencil. Hold it 
like a fishing pole when vou stand to weld. 


FLANGE WELDS 


The flange weld can be used frequently in sheet metal 
work. No welding rod needs to be added to make this 
weld. The metal required is furnished by the part of 
the base metal that has been turned up. 

Place the two pieces of sheet on the welding table 
with the flanged edges just touching. Use clamps to 
prevent them from separating. The flanged strip can 
be made by hammering over the edge while the sheet is 
in a vice. It should be as wide as the sheet is thick. 

Play the blowpipe flame on the right end until a small 
puddle begins to form. Increase the size of the puddle 
so that complete penetration is obtained. Then move 
the blowpipe along the seam slowly and steadily, always 
making sure that the puddle is hot enough to give good 
penetration. When the flanges melt you should obtain a 
built-up surface of the proper strength. 


CORNER WELDS 


When two pieces of sheet metal are joined at a corner 
you can use either of the three common designs shown 
in Fig. 7. To make a joint like the left-hand sketch, 


you must keep the two edges clamped together While 


q 
; 


Fig. 7 Here are three common designs for corner welds. 


Welds in the left and center sketch are made like ordinary 


butt welds. The right-hand sketch is an ordinary flange joint 


You do not need a 
tapered space. Then proceed to weld as you did when 
you made a butt weld. To make a joint like the one 
shown in the center sketch keep a small space, about 
‘9 or '/ in., between the sheets. Then tack weld 
every 3 or 4 in. before making the final weld. 


you make tack welds every 4 in. 


When you make flange welds like the one shown in 
the right-hand sketch, the edges are held together by 
clamps. Pass the 
blowpipe steadily along the edges and allow the metal to 
melt. It will flow together and form a sort of bridge of 
molten metal across the two edges. 


Visible penetration is not made. 


lroning Out Crumpled Fenders 


® Air acetylene torch helps you make smooth fender repairs 


by F. C. Geibig 


To MATTER how much hammering and ironing you 
do on a crumpled fender there are always some 
marks and crevices that will not come out. One 
way to get a smooth fender that looks like new is to 

apply solder to the damaged spots. After you have 
hammered out all the wrinkles possible, use a wire 
brush, sandpaper and steel wool on the fender. Then 
paint the fender with muriatie acid. Be careful with 
the acid and keep it off your clothing and skin. Heat 
the fender with an air-acetylene torch until the acid 
dries. Put on another coat of acid and heat a second 
time until the acid dries. The secret of a top-notch job 
is the thoroughness with which you clean the area. The 
two coats of acid provides a good fluxing action and 
makes it easy to flow the solder onto the fender. 

After the second heating, apply ordinary stick solder 

to the damaged part of the fender. Use just enough 


F. C. Geibig is with The Linde Air Products Co., Newark, N. J 
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heat to reduce the solder to a pasty condition. Too 
much heat will cause the solder to run and in this con- 


Apply two coats of muriatic acid to the fender. Heat the 
fender after each coat with a torch, until the acid dries. 
Then apply stick solder after the second coat of acid 
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brush, sandpaper and steel wool. 


must have a perfectly clean surface 


dition it is difficult to control. After you have applied 
some solder, use a small wooden paddle to smooth the 
solder over the fender. Work it into any marks or 
crevices that are still in the fender. Continue to apply 
solder until the fender is even and smooth and there are 
no dents or marks. When the solder cools, the fender is 
ready for the finishing operation of sanding, priming 
and painting. 


After you hammer out the dents and creases, clean the fender with a wire Use a wooden paddle to work the solder into crev- 
Remember, that to get a good job you ices that stillremainin thefender. Be sure to keep 


the solder pasty. Too much heat will make the 
solder run, and you will have trouble controlling it 


For this job the operator used a No. 5 stem because 
the repair was made in front of the shop on a windy 
day. For inside work he would use a stem one or two 
sizes smaller. The air-acetylene torch is useful for most 
soldering, heating or bending jobs in the shop. It is 
valuable for automobile repair shops, plumbing shops, 
installers or repairers of refrigeration or air-conditioning 
systems and any other shops that work with metal. 


Two Useful Ideas 


by Duane R. Maxwell 


HE first one is to take a good-sized wooden box or an 

old boiler and fill it full with a coarse sand or gravel. 

When you have an unusually hard or funny shaped 

job to weld and can’t seem to line it up properly by 
bracing it just line it up in a box of sand as illustrated. 

And where most shops use lime to cool a welded cast- 

ing or cure it slowly we have found that Eagle “66” 

boiler plaster in its dry form holds the heat and allows 

the welded casting to cool off much slower than the 


Data and illustration supplied by Air Reduction Sales Co 
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PARTS TO BE WELDED 


lime. We have had exceptionally good luck with gears 
and wheels with long narrow spokes and high stress 
points. 
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felling Ready to Bronze Weld 


by Kk. H. Koopman 


LEAN the part thoroughly—that is the seeret of all 
good bronze welds. Here is why. You get a 
strong bronze weld only when the molten bronze 
rod flows easily and evenly over the metal surface. 
It is called “tinning.” It aets just like water on clean 
glass. When water is spread on a glass plate that is not 
clean, it will separate into tiny drops. Molten bronze 
rod does the same thing on dirty steel or cast iron, and 
when it does not flow evenly the weld will be weak. 
Remove all oil, grease, scale, rust or oxides from the 
beveled edges or the facing edges of the part. The top 
and bottom surfaces should also be cleaned for about a 
half inch back from the edges. This mechanical clean- 
ing should be done by a grinder, stiff wire brush, file, 
emery cloth or steel wool. If the cleaning is done by 
grinding, go over the part afterward with a file to re- 
move any small particles picked up from the grinder 
The surface of the edges to be welded must also be 
cleaned chemically. That means that you must use a 
liberal amount of flux when you weld. The flux can be 
sprinkled in the weld area or applied by dipping the 
end of the heated rod into the flux can. Welding rods 
that have been precoated with flux are also available. 
With these rods you are always sure of getting the 
proper amount of flux in the weld and you save time 
that would be spent in dipping the red into the ean 


JOINT PREPARATION 


When the material is more than '/, in. thiek the edges 


K. H. Koopman ix Development Engineer. The Linde Air 
Newark, N. J 
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ig. |) Here is the broken casting before it was cleaned or 
beveled 
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Fig. 2) The break has been beveled to about a 90° angle, 

and the surface has been cleaned for about |. in. back 

from the edge. Notice, too, that the vee does not go across 
the break. This helps to line up the parts 


of each part should be beveled to a 30 to 45> angle. 
Just as in fusion welding, you must get complete pene- 
tration through the bottom of the vee. Beveling the 
edges of heavy sections as shown in Fig. 3 will help you 
to get the proper penetration. For thinner material 
just clean the edges. The edges of all material, includ- 
ing cast Iron, steel, copper, brass and galvanized iron 
should be prepared in the same way. 
Grinding, chipping and machining are suitable 
imethods tor beveling these edges. However, these 
methods may smear the graphite present in a gray iron 
casting and make proper tinning difficult. The graph- 
ite can be removed by heating the edges to a dull red 
with a blowpipe using a slightly oxidizing flame, then 
cleaning them with a wire brush when they cool 


Ne Spacing 


A (Up to %) 


B (Any Thickness 
Over 
90° 


C (Over 4g") 


Fig. 3) This sketch shows two types of joints for metal 
up to in. thick and more than ‘|, in. thick 
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4 Special Treat for Plowshares 


by W. B. Sharav 


JHAT is different about the plowshare in Fig. 1? 

It looks like an ordinary plowshare, but it will last 
more than twice as long. That’s because it has 
been flame hardened. Flame hardening consists 

of quickly heating steel to a bright red, and then cooling 
it with a water quench. This increases the hardness of 
the steel. You can flame harden and extend the life of 
used plowshares or old ones that have been rebuilt with 


steel 


W.B. Sharav, Developme 
N. J 


Fig. 1 This plowshare was rebuilt and then flame hard- 
ened. It will last more than twice as long as untreated 
shares 


by E. M. Holub 


OW many times have you left some of your skin 
from your knuckles and arms—under a battered 
fender while you have tried to remove the bolts? 
Fenders and body sections come off easily in the 
shop that cuts them off with their cutting blowpipe 


E. M. Holub is Development Engineer, The Linde Air Products Co., Newark 
N. J 
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Cutting Makes the Job Easy 


On this job, the plowshare was heated with the oxy- 


acetylene blowpipe. A medium-sized tip was used and 
the flame was adjusted to neutral. The plowshare was 
heated to a cherry red and followed with a water quench 
as shown in Fig. 2. Care must be taken to heat the 
share for a distance of only half an inch from the edge. 
If you heat beyond this point, you may cause eracks in 
the plowshare. It is necessary to heat the share only on 
one side. Notice that the quench is provided by an 
ordinary water hose. A section of an I-beam is used as 
a support for the plowshare and as a run-off trough for 


the water. 


Fig. 2. The share is heated to a cherry red followed by a 
water quench. The heated sone must not be carried back 
more than ||, in. from the edge 


When a fender must be replaced, one shop gets out the 


cutting blowpipe and cuts off the fender almost before 
they could find the right size wrench. 

The cut is made about !,» in. from the body, as shown 
in Fig. 2, leaving a narrow flange. To keep from burn- 
ing the paint on the body, it’s a good idea to protect it 
with a paste made from asbestos cement and water. 
After the fender is cut off, it’s an easy matter to remove 
the body bolts, without skinning your fingers. When 
the bolts are badly rusted, heat them toa dull red. Let 
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Fig.1 Here the operator is cutting out a rusted body strip quickly and easily. 


them cool and they'll come off easily with your wrench. 
Four fenders can be removed by this quick method in 
the same time another body man can remove the body 
bolts with a wrench and take off one fender. 

This same shop has a quick method for straightening 
body sections, too. They cut out the damaged section 
from the door or other part of the body with their cut- 


With Blowpipe 


Fig.2) When you replace fenders, cut them off from 
the body with your cutting blowpipe. Then it is an easy 
matter to remove the body bolts 


Notice that the cut is clean and smooth 


ting blowpipe. Then they take it to the bench, 
straighten and form it and weld it back in place. All 
this takes just a few minutes time. When the weld is 
ground, smoothed over with body solder and painted, 
the door looks like new. Be sure that any flammable 


part is protected when you weld or cut on body 


parts. 


Fig. 3 The dents in this body section have been removed 
and the operator is now welding it back in place. It will 
look like new when it is painted 
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related events 


M. M. Kelly to Become 
Secretary Emeritus 


After thirty vears of continuous and 
arduous service with the AMERICAN 
Society, Miss Kelly's request 
for a less responsible role than Secretary 
was granted by the Board of Directors on 
May 13th and a special by-law change was 
approved to permit the SocreTy to retain 
her wealth of experience in a consulting 
capacity under the title of Secretary 
Emeritus 

Actually, Miss Kelly will retain her 
present title until October Ist, the Board 
having granted her a four-month leave of 
absence Under her able guidance the 
Society budget grew from $18,500 in 
1923 (the first official budget) to over 
$288,000 for the current vear Member- 
ship likewise grew from 217 members in 
1919 to a high of over 8000 during the last 
World War 


For those who like a biography, the 


following facts are pertinent She re- 
ceived her business training at Columbia 
Universitv. Her first assignment was 
serving as a member of a group from 
Columbia University appointed to assist 
the Italian Aviation Commission that 
eame to the United States during the 
first World War, under the direction of 
Major Perfetti for the purpose of  in- 
specting American methods and equip- 
ment. 

During 1918 she was appointed secre- 
tary to Dr. C. A. Adams, then Chairman 
of the Welding Committee, Emergency 
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Fleet Corp., U.S.S8. Shipping Board 
Dr. Adams was, at that time, also Presi- 
dent of the American Institute of Elee- 
trical Engineers. 

From 1919, when the Socrety was 
organized, to date, she has been a member 
of the A.W.S. staff, in positions of Assist- 
ant Secretary from 1910 to 1920; Acting 
Secretary from 1920 to 1922; and See 
retarv from 1922 to date. In 1937, 
the title of Assistant Treasurer was added. 
During that period, she served directly 
some 23 presidents of the Socretry, and 
six national treasurers; up to a few years 
ago, she assisted in the organization of 
Sections; developed and improved with 
experience, procedures for Section opera- 
tion. Miss Kelly has been Secretary of a 
number of the Standing Committees, and 
for the past 25 vears, has been Secretary 
of the Convention Committee. 

Her friends, and they are many, join 
in wishing her many more years of health 
and happiness in the new role she has 


chosen. 


Nomination of Officers and 
Directors American Welding 
Society 


At its meeting on April 25, 1949, the 
Nominating Committee of the AMERICAN 
WeLpING Society unanimously selected 
the following officers and directors for the 
year 1949-50. 

President, O. B. J. Fraser, The Inter- 
national Nickel Co., New York, N. Y. 

First Vice-President, H. W. Pierce, New 
York Shipbuilding Corp., Camden, N. J. 

Second Vice-President, R. E. MeFarland, 
Western Electric Co., Chieago, Ill. 

Board of Directors (for three years): 
L. C. Bibber, Carnegie-Ilinois Steel Corp., 
Pittsburgh, Pa.; A. F. Davis, The Lincoln 
Eleetrie Co., Cleveland, Ohio; 
Moses, Combustion Engineering-Super- 
heater, Inc., Chattanooga, Tenn.; Gilbert 
S. Schaller, University of Washington, 
Seattle, Wash 

Nominations for the District Vice- 
Presidents are 

District 1, H.S. Swan, American Loco- 
motive Co., Schenectady, N. Y. 

District 3, L. C. Stiles, Chicago Bridge & 
Iron Co., Birmingham, Ala. 

District 5, John Grodrian, Bendix 
Products Div., Bendix Aviation, South 
Bend, Ind 

District 7, W. F. Boyle, The Pelton 
Water Wheel Co., San Franciseo, Calif. 
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Welding Metallurgy 
—Iron and Steel— 
Second Edition 


If there is one subject which is of interest 
to everyone who is welding minded it is 
welding metallurgy This explains the 
large attendance at the educational lee- 
tures (on welding metallurgy) at the 
A.W.S. Annual Meeting last fall; the 
preference for this subject as a topic for 
Local Section educational lecture series; 
and the record sales of the first edition of 
Welding Metallurgy by Prof. O. H. Henry 
and Dr. G. E. Claussen. 

After several printings of the first 
edition it was decided that a revised edition 
incorporating new information and bring- 
ing the old information up to date was ad- 
visable. 

After three vears of work, this new 
Second Edition by G. E. Linnert of Armeo 
Steel Corp. is now ready. It is new and 
larger, contains more information, has an 
improved arrangement and presentation, 
and is even more handsome. 

The new information—150 more pages 
and a total of 203 illustrations—covers 
new processes such as inert-gas metal-are 
welding and includes more information on 
some of the materials such as the stainless, 
heat-resisting and stainless-clad steels. 

Deliberate effort has been made to keep 
the language simple; where technical 
metallurgical terms have been used they 
have been defined. 

The basic theory of metallurgy is de- 
scribed in the first few chapters of the book 
for those having no previous knowledge of 
the subject; later chapters cover the weld- 
ing metallurgy of different materials and 
the effect of different elements on welding. 
These chapters should be of interest to all 
readers. 

The arrangement has been changed 
making the book easier to read and handier 
to use. An extensive index has been 
added for ready relerence. A list of 
suggested reading has been included at 
the end of each chapter containing sug- 
gested sources for more detailed informa- 
tion on the subject covered by that chap- 
ter The usefulness of the book as a 
school text or individual home study has 
been increased by grouping a series of 
questions on each chapter, at the end of 
the book. 

Much thought has been given to ap- 
pearance. A better paper has been used, 
the illustrations have been redrawn to 
make them uniform, and the material 
has been arranged so that there is a pleas- 
ing balance between text and illustrations. 
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All of this improves the readability as 
well. Finally, the book is bound in a 
heavy, blue cloth cover with title and 
A.W.S. emblem stamped in gold. 

Neither effort nor expense have been 
spared to bring this book to you as a 
useful contribution of your Socrery 
of which you can properly be proud. 

Members of A.W.S. are entitled to one 
copy of Welding Metallurgy at the special 
price of $2.00 by using the coupon which 
to them. The price for 
Send your order 
Socrery, 
York 18, 


has been sent 
nonmembers is $2.50. 
to the Amertcan WELDING 
33 West 39th Street, New 


Standard Welding Terms and 
Their Definitions 


Welding has its own Noah Websters, 
and its a good thing too! 

Did you ever have the experience of 
talking to someone about welding and 
discover after 20 or 30 minutes that vou 
were each talking about two different 
things; or maybe vou have spent a long 
time arguing with someone only to dis- 
cover that you were in full agreement— 
except that you did not speak the same 
language! This sort of thing can be quite 
costly especially where correspondences 
between distance points on large project 
is involved. 

To provide a basis of understanding 
with regard to welding, the A.W.S. 
Committee on Definitions has spent more 


than four years of intensive work in get- 
ting up the Standard Welding Terms and 
Their Definitions, which now replaces the 
publication issued in 1942 titled ‘Defini- 
tions of Welding Terms and Master Chart 
of Welding Processes.” In the course of 
its work, the Committee consulted with 
industry, reviewed the literature and 
carefully studied the technical and scien- 
tifie aspects of welding in order to formu- 
late a terminology which would be tech- 
nically in close conformance 
to common usage. To establish a correct 
terminology it was also necessary to 
clarify many basie coneepts such as 
“What is fusion?” “What is bond?” “What 
is penetration?” and to properly distin- 
guish between related terms such as 
“back weld” and “backing weld,” ete. 

The new Standard Welding Terms fur- 
nishes more than 500 welding terms and 
their definitions and includes 57 related 
illustrations. The terms are listed dic- 
tionary-wise or alphabetically and also 
grouped according to process in a separate 
listing at the end of the booklet. 

When work was first started on this new 
terminology the need for making basic 
terms applicable to different processes 
became evident. To keep its thinking 
straight the Definitions Committee pre- 
pared a revised Master Chart of Welding 
Processes listing all 37 welding processes 
in commerical use today and a series of 
Process Charts showing the similarities 
and differences between related processes. 
With the thought that these charts would 
similarly assist the users of the Standard 


sound vet 


Built by Jakobson Shipyard, Inc., Oyster Bay, L. |., this new Diesel-electric 
tug typifies the progressive policy of Erie which is equally as advanced in 


the marine as the rail division. 


RIVET COMPANY 


EAST CHICAGO, IND. 


CLEVELAND, OHIO 
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Welding Terms it has been decided to pub- 
lish them concurrently with the Standard 
Welding Terms. There are five Charts in 
all, ranging in size from 8'/, by 11 in. to 
11 by 50 in., fastened together and en- 
closed in an envelope for convenience in 
filing. The charts may easily be detached 
for mounting on shop, office or schoolroom 
walls. 

Copies of these publications may be 
obtained from A.W.S. Headquarters, 33 
W. 39th St., New York 18, N. Y., at 
$1.00 per copy for the Standard Welding 
Terms and Their Definitions and 35 cents 
per copy for the Master Chart of Welding 
Processes and Process Charts or $1.25 if 
purchased together. The usual discounts 
to members will apply. 


$2250 in Prizes for Papers on 
Resistance Welding—Contest 
Closes July 31, 1949 


Prizes and Contest Rules 


Announcement has been made of cash 
prizes to be awarded in 1949 by the Re- 
sistance Welder Manufacturers’ Assn. for 
outstanding papers dealing with resistance 
welding subjects. The total amount of the 
awards is $2250, and a wide choice in sub- 
ject matter is allowed in order to assure 
eligibility to all papers which cover worth- 
while and significant achievements in the 
field. The contest judges will be ap- 
pointed by the American WELDING 
Socrety, and awards will be made at the 


11,500 Ibs. of Blue Devil (E 6010); 
6000 Ibs. of Gray Devil (E 6012) 
and 2000 Ibs. of Graydac (E 6013) 
CHAMPION WELDING ELEC- 
TRODES were used in construc- 
tion of the new Erie R.R. steel tug 
Paterson recently entered in service 
in New York Harbor. 


The merit of CHAMPION WELD- 
ING ELECTRODES is emphasized 
by the fact they were selected for 
this severe application where 
industrial waste and salt water in 
the area cause.a high incidence of 
corrosion. 

Be sure you have a copy of our new 


booklet “How to Choose and Use the Cor- 
rect Electrode."’ Available on request 
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Max YEARS AGO Arcos was asked to develop elec- 
trodes to give weld metal to withstand temperatures 
in the 1800°- 2000° F range. Arcos did it. 

Recently Arcos was asked to develop electrodes to 
give weld metal to meet service requirements at 
temperatures in the sub-zero range. Arcos did it. 

These achievements reflect the ability and com- 
petence which produces electrodes to give the very 
highest quality weld metal for any kind of service 
conditions. 

Consistently good welds are obtained when Arcos 


electrodes supply the weld metal. 
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1949 Fall Meeting of the Soctery. The 
prizes and rules governing the contest are 
as follows: 

One prize of $750 for the best paper 
emanating from an industrial source, con- 
sulting engineer, private or government 
laboratory, or the like, the subject matter 
of which is concerned specifically with re- 
sistance welding. There are no restric- 
tions on the scope of the subject matter. 
For example, it may be devoted to rede- 
sign of a product or products for resistance 
welding, improvement (from a welding and 
cost viewpoint) in a present design for 
resistance welding, resistance welding re- 
search, development of new procedures to 
broaden the field of application of re- 
sistance welding, ete. Papers in these 
categories should explain the economic im- 
portance of the accomplishments de- 
that is, cost savings, production 
improvement, scope of application, ete. 

A prize of $500 for the second best paper 
in the above classification. A prize of 
$250 for the third best paper in the above 
classification. 

A prize of $300 for the paper emanating 
from a University source (the author of 
which is either an instructor, graduate 
student or research fellow) which in the 
opinion of the Board of Award is the 
greatest original contribution to the ad- 
vancement and use of resistance welding 
from this source. 

A prize of $200 for the second best paper 
in the above classification. 

A prize of $250 for the paper emanating 
from a University source (the author of 
which is an undergraduate student) 
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which in the opinion of the Board of 
Award is the greatest original contribu- 
tion to the advancement of resistance 
welding from this source. 

The contest is open to anyone, without 
restriction, from the United States, its pos- 
sessions and Canada. It is also open to 
any member of the AMERICAN WELDING 
Soctery in any grade from any place in the 
world. The contest is considered as having 
opened Aug. 1, 1948. In order to be 
eligible for this contest all papers must be 
forwarded so as to be delivered at AmerRI- 
caN Socrety headquarters no 
later than 5:00 P.M., July 31, 1949. 
Papers which are to be presented at the 
Annual Meeting of the Amertcan WELD- 
ING Soctety in October may also be en- 
tered in this contest, in which case a draft 
or copy of the paper must be filed with the 
American Society not later 
than July 31, 1949. To be eligible, author 
must indicate paper has not been con- 
sidered previously in the contest, or shall 
not have been presented or published else- 
where prior to its appearance in Tur 
WELDING JOURNAL. 

All papers submitted in the contest be- 
come the joint property of the R.W.M.A. 
and the American WELDING Society, 
who will retain all rights thereto. The 
American Socrety will appoint 
five judges, who will judge the relative 
merits of the various papers submitted and 
make the awards accordingly. "The de- 
cision of the judges will be final. 

For the author or authors to be eligible 
for this award, the paper shall deseribe 
clearly original work done by them or 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 
CARBIDE CORPORATION 
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under their supervision on resistance weld- 
ing in any of its aspects by any method or 
process. The paper shall be a full disclo- 
sure of the subject. The paper shall con- 
tain no statement which is unethical ad- 
vertising or sales promotion. The paper 
may contain statements of fact, including 
the names of either individuals or organi- 
zations of any kind, commercial designa- 
tions, trade names, etc. The minimum 
length requirement is 2500 words. 

All papers must be typewritten, double 
spacing, written on one side only of blank 
white paper. Photographs, charts, graphs, 
ete., may either be attached directly to the 
copy or may be detached, in which case 
they should be clearly identified with 
figure numbers, captions, ete, 

Papers entered in this contest should be 
sent to AMERICAN WELDING Soctery, 33 
W. 39th St.. New York, IS, N. ¥ If 
mailed to arrive not later than July 1, 
1049, three coples should be furnished. If 
mailed to arrive between July 1 and July 
31, 1949, six copies should be furnished 


Western Metal Congress 


Suecess of the Western Metal Congress 
and Exposition, five-day event which 
ended April 15 in Los Angeles, prompted 
William H. Eisenman, secretary, American 
Society tor Metals, to announce the tech- 
nical sessions and show hereafter will be 


held every two years on the Pacific Coast 
The 1951 meeting place, he said, may be 
Oakland or San Francisco. Four years 
hence, it undoubtedly will be Los Angeles 
Attendance at the recent Los Angeles 


New York 17, N. Y. 
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Page Allegheny Stainless Steel Electrodes 
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Prompt Delivery from Warehouses in Chicago, 
Denver, Philadelphia, San Francisco and the factory 
at Monessen, Pa. 
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event Was approximately 25,000. In addi- 
tion, audiences totaling about 15,000 sat at 
the technical sessions. Comment on the 
papers presented was that their standards 
rated higher than those at any previous 
Western Metal Congress. 

The large attendance figures, Fisenman 
said, attest to the industrial expansion 
of the West. Plants in 11 western states 
were represented by metal engineers, pur- 
chasing agents and other management. 

Exhibitors commented on the “quality” 
of the crowd which attended the exposi- 
tion. No effort was made to attract the 
general public. The exposition was con- 
spicuously devoid of movie stars, jazz 
bands and other artificial stimulators and 
distractions. 

Its one purpose was to present valuable 
technical information to audiences which 
knew what to do with it when they got it. 
As a result the congress and exposition 
were decided benefits for the industry of 
the western area. 

Speakers on technical programs, in- 
cluding participants in round-table dis- 
cussions numbered 96. Exhibits totaled 
211. 

Exhibitors were enthusiastic over sales 
contacts made, and the general interest 
manifested by spectators. 

Booths were manned by technical en- 
gineers, who undertook to explain products 
and solve problems of those who visited 
their display s 

Many who attended both the technical 
sessions and the exhibitions said they 
accumulated as much information from 
one phase of the double event as from the 
other. This, in itself, was a tribute to the 


Available in these temperatures (°F) 


125 275 500 1100 


Tempilstik 


Simply mark your workpiece 
with the proper Tempilstik® 
When the mark melts, the specified 
temperature has been reached. 


men in the booths who for five solid days 
put best feet foremost at helping others in 
untangling knotty plant perplexities. 

Seventeen technical societies, most of 
them national in scope, cooperated with 
the A.S.M. in presenting the congress and 
exposition. Those which held their own 
technical meetings, in addition to A.S.M. 
were AMERICAN Society, Ameri- 
can Foundrymen’s Society, American In- 
stitute of Mining and Metallurgical En- 
gineers and the Society for Non-Destruc- 
tive Testing. 

Eisenman plans to invite the same tech- 
nical groups to take part in the next 
Western Metal Congress. In addition to 
those presenting programs, the following 
cooperated in a wide variety of ways: 
American Chemical Society, American In- 
stitute of Electrical Engineers, American 
Petroleum Institute, American Society of 
Civil Engineers, American Society of 
Mechanical Engineers, American Society 
for Testing Materials, American Society of 
Tool Engineers, National Association of 
Purchasing Agents, Pacific Coast Elec- 
trieal Association, Pacific Coast Gas Asso- 
ciation, Purchasing Agents Association of 
Los Angeles, Society of Automotive En- 
gineers and Western Oil and Gas Associa- 
tion. 


Annual Meeting American 
Society for Testing Materials 


In addition to 22 officially numbered 
technical sessions scheduled for the 52nd 
(1949) Annual Meeting of The American 
Society for Testing Materials, Atlantic 


Also available 
in pellet or 
liquid form 


Society Activities and Related Events 


A convenient method of 
controlling working 
temperatures in: 


TEMPIL’ CORP., 132 west 22nd st.. NEW YORK 11. N. Y. 


We invite inquiries from reputable distributors interested in handling Tempil° products. 


City, during the week of June 27th, there 
are a number of other informal sessions and 
round-table discussions which will be of 
much interest. There will be symposiums 
and groups of technical papers, and reports 
of interest to those concerned with ferrous 
and nonferrous metals: cementitious, con- 
crete and related fields; rapid identifica- 
tion of metals; bituminous materials; and 
many others. 

Throughout the entire 5 days of the 
meeting scores of the A.\S.T.M. technical 
committees will be in session perfecting 
and completing work on specifications 
and tests that has been under way, and 
initiating new research and standardiza- 
tion work. In addition to the extensive 
business to be transacted, there is to be a 
social period on Wednesday evening, June 
29th, when the hosts for this meeting, 
the Philadelphia District, are sponsoring 
an informal program of entertainment. 
All sessions are at Chalfonte-Haddon Hall. 

Another interesting innovation in the 
program is the official luncheon session 
scheduled for Tuesday noon, June 28th, 
when President R. L: Templin will give 
the annual President's Address, 50-year 
members will be recognized and other 
honors awarded 

The 1949 Edgar Marburg 
which commemorates the name of the 


Lecture, 


Society's first Secretary, will be on the 
subject, ‘Residual Stresses in Metals’’ by 
Dr. William Marsh Baldwin, Jr Dr 
Baldwin is Research Professor and Direc- 
tor of the Metals Research Laboratory of 
the Department of Metallurgical Engineer- 
ing at Case Institute of Technology 
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HEAT-TREATING IN GENERAL 


FREE — Tempil® “Basic Guide to 
Ferrous Metallurgy" — 161," 
by 21” plastic laminated wall chart in color. 


Send for sample pellets, stating temperature 
of interest to you. 
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THE AUTO ARC 
WELDING HEAD 
AND CONTROLS 


The versatility of the standard Auto Arc Welding Head is illustrated by the range of applica- 
tions. The production of 16 open-arc welds per minute with four heads requires good arc 
starting features. Another installation with two heads starting simultaneously with 380 amps. 
A. C., submerged-arc on 32” electrode, has a welding cycle of 30 seconds. 


Continuous welding is maintained in a pipe mill where uniform orc control is necessary to 
secure desired penetration. After welding, the pipe is expanded hydraulically with pressures 
of 1500-2000 Ibs. p.s.i. 

Auto Arc equipment is also successfully operating on steel mill applications of hard surfacing 
materials in high temperature zones. 

Where automatic arc welding is applicable to your production, let our engineers estimate 

its economy. 
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Aute Are Welding Hoods ere ontinveus 
from a 1500-ampere capacity unit. 
THE AUTO ARC-WELD MFG. CO. 
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PRE-WELDING 
TREATMENT FOR ALUMINUM 


using Diversey No. 36 cleaner 
and Diversey No. 514 deoxidizer 


. . PRODUCES LOW-UNIFORM SURFACE RESISTANCE 
. IMPROVES QUALITY OF WELDS 


. PROLONGS LIFE OF ELECTRODE TIPS 
. ELIMINATES TEDIOUS, EXPENSIVE MECHANICAL CLEANING 


Yes, if you are looking for higher quality, 
increased production and lower costs with 
your aluminum alloy spot welding opera- 
tion, investigate the Diversey Pre-Welding 
Treatment today! 

Used by leading aircraft companies, case 
histories reveal that, by employing Diversey 
No. 36 to remove identification mark- 
ings, grease, dirt; and by using Diversey 
No. 514 to remove oxide and heat scale, 
spot weld output increased up to 50%! 
Further, plants report an increase up tc 
4,000% in the number of spot welds now 
made before the electrode tips require re- 
dressing! 

The Diversey Pre-Welding Treatment 
for Aluminum is easy, efficient, practical, 
and surprisingly economical to use! Mail 
the handy coupon today for complete in- 
formation! 


EASY AS A-B-C! 


The cleaning efficiency of Diversey No. 36 is 
dramatically shown here! Before and after 
photos prove that Diversey No. 36 removes 
marking inks from aluminum surfaces easy as 
A-B-C! 


L 


L / 
* TRADE MARK REG. 


MAIL THIS COUPON TODAY 


Metal Industries Department 
53 W. Jackson Bivd., Chicago 4, Ill. 


THE DIVERSEY CORPORATION 
Metal industries Deportment 
53 W. Jackson Bivd., Chicago 4, Il. 


Gentlemen: 


Please send me complete information on the Diversey Pre- 
Welding Treatment for Alumi 


Title. 
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. INCREASES QUANTITY OF SPOT WELDS BEFORE TIP CLEANING | 
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“that guy didn't know 


you can are weld 


You tell him. Show him the spatter-free, oxide- 
free seam that you've just finished on the Alcoa 
Aluminum pipe joint. Let him take a look at your 
argon-shielded, tungsten are torch. Tell him 
you've been welding aluminum for the past 20 
vears, 

Take him over to that outfit next door that 
makes aluminum storm windows. Show him the 
battery of resistance welders that knocks out 100 
Aleoa Aluminum frames an hour. 

Tell him about your buddy, who works over at 
the railroad car shops. Give him the word about 
those liquid-proof, pressure-proof Alcoa Aluminum 
tank cars he are welds. 
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aluminum” 


As a matter of fact, we could do a bit of showing 
ourselves. We take our own medicine, barrels of 
it. Over in the Alcoa plant at New Kensington, 
Pennsylvania, some days we weld over 1500 Alcoa 
Aluminum beer barrels. 

We’ve written a book called “Welding and 
Brazing Aleoa Aluminum”. It’s packed full of 
technical data and how-to-do-it welding procedure 
for all the welding processes. Your 
skeptical friend can have a free copy. 

His nearby Aleoa Sales Office will 
give him one, or he can write 
ALUMINUM CoMPANY OF AMERICA, 
1933 Gulf Bldg., Pittsburgh 19, Pa. 
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Resistance Welding Institute 


Establishment of The Resistance Weld- 
ing Institute, an educational organization 
for the dissemination of information on 
technical advances in resistance welding, 
was announced recently. Simultaneously, 
announcement was made of the appoint- 
ment of Lee H. Judge, industrial public 
relations executive, as Director of the In- 
stitute, with headquarters in Cleveland, 
Ohio. 

Sponsored by a number of companies 
interested in resistance welding, the In- 
stitute has been created to make available 
to industry up-to-the-minute facts on 
spot, seam, flash and projection welding. 

The pyramiding industrial demand for 
more information about designing products 
for resistance welding is cited as the prin- 
cipal requirement for establishing the In- 
stitute. Adoption of resistance welding 
for the fabrication of all kinds of metal 
products has grown at such a rate since the 
war that deliveries of resistance welding 
equipment to industry currently are more 
than five times the annual shipments 
during the 1938-39 prewar period. 

World War II was to a large extent re- 
sponsible for the tremendous growth of re- 
sistance welding. During the war, in- 
dustry was faced with the necessity for 
turning out vast quantities of fabricated 
metal assemblies of all kinds at unpre- 
cedented output rates. 

Resistance welding was found to be a 
major answer and this in turn served to 
point the way for industry toward greater 
utilization of resistance welding processes 
for peacetime products. 

Lee Judge, Director of The Resistance 
Welding Institute, brings to the organiza- 
tion a broad background in industrial 
public relations and education. Formerly 
on the creative staff of The Earle Ferris 
Co., New York public relations counsel, he 
was more recently associated for several 
years with a Cleveland advertising agency 


Lee Harrington Judge, Newly Ap- 
pointed Director of the Resistance 
Welding Institute 
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serving such accounts as The Lincoln 
Electric Co., The Thew Shovel Co., The 
Erie Railroad and several trade associa- 
tions. 

A graduate of Cornell University, he 
was a Captain in the Corps of Engineers, 
first as a combat company commander 
overseas and later as Public Relations 
Director for Fort Belvoir and The Engi- 
neer Board. 


A. J. Fausek New President of 
International Acetylene 
Association 


Arthur J. Fausek, president of Modern 
Engineering Co., St. Louis, Missouri, was 
elected president of the International 
Acetylene Association at the annual busi- 
ness meeting held during this organiza- 
tion’s recent Annual Convention in Pitts- 
burgh, Pa. Mr. Fausek had served as 
vice-president for the year 1948. 

C. E. Monlux, vice-president, The Linde 
Air Products Co., was elected vice-presi- 
dent of the Association. E. V. David, 
assistant manager of the Technical Sales 
Division, Air Reduction Sales Co., New 
York was re-elected treasurer. H. F. 
Reinhard was re-elected secretary. 

Arthur J. Fausek was born in St. Louis, 
Missouri. He is an alumnus of University 
of Missouri. In 1911 he and his brother, 
Irving F. Fausek, organized the Modern 
Engineering Co., to produce oxy-acetylene 
welding and cutting torches and other 
equipment, 

Mr. Fausek has devoted the major por- 

on of his lifetime to the interests of the 
oxy-acetylene industry and has been ac- 
tive in associations such as the Gas Prod- 
ucts Association, the International Acety- 
lene Association, the Compressed Gas 
Association, and the Independent Oxygen 
Manufacturers’ Association. 


Ihrig Honored 


Dr. Harry K. Thrig, Vice-President and 
Director of Laboratories of Globe Steel 
Tubes Co., Milwaukee, Wis., received a 
citation for distinguished service in en- 
gineering from the College of Engineering 
of the University of Wisconsin at Madison 
on March 15th. Dr. Ihrig is a member of 
the AMERICAN WELDING Sociery. 


Kaufman Made Sales Manager 


The appointment of Fred A. Kaufman 
as Sales Manager of the Electrode Divi- 
sion was recently announced by The Me- 
Kay Co. 

Mr. Kaufman was formerly Chicf 
Metallurgical Engineer in charge of Tech- 
nical Service, Research and Quality Con- 
trol at MeKay’s Electrode plant in York, 
Pa. Before becoming associated with The 
MeKay Co. in 1947, he did research in are 
welding on the McKay fellowship at the 


Personnel 


Mellon Institute of Industrial Research, 


was Metallurgical Engineer with the 
Carnegie Illinois Steel Corp. and Plant 
Metallurgical Engineer with the Crown 
Can Co. in Philadelphia. 

A graduate of Grove City College, he 
did graduate work at Carnegie Institute of 
Technology and the University of Pitts- 
burgh. 

Mr. Kaufman is a member of the Ameri- 
ean Institute of Mining and Metallurgical 
Engineers, the AmMericAN WELDING So- 
ciety and the American Society for Metals 
and American Ceramic Society. 


F. C. Neal Appointed Manager, 
Distributor Sales 


Frank C. Neal, Jr., has been appointed 
Manager of the Distributor Sales Divi- 
sion of General Electric’s Welding Divi- 
sions, C. I. MaecGuffie, Manager of Sales, 
Welding Divisions, has announced. Ef- 
fective March 15th, Neal assumed respon- 
sibility for the distribution and marketing 
of the Welding Divisions’ products 
through distributors. He will make his 
headquarters at Fitchburg, Mass. 


Frank C. Neal, Jr. 


A graduate of Kansas University in 
1936, Neal immediately became asso- 
ciated with General Electric in the test 
department at Schenectady. In 1938 he 
was assigned to the International General 
Electric Co. He joined the G-E welding 
section the following year, handling appli- 
eation engineering and problems relating 
to welding. In this capacity he made 
extensive studies of factory welding pro- 
duction, including automatic applications 
as well as both a.-c. and d.-c. welding. 
He was appointed district arc-welding 
representative for the Dallas, Tex., area 
in 1941, and in 1946 was transferred to 
Houston, Tex., to set up a welding division 
sales and service office. 

Neal will be succeeded as manager of 
the G-E Houston Welding Division by 
Preston D. Morgan. 
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SE of the hidden arc welding 
U process of the **‘Manual 
Lincolnweld” in the fabrication 
of machine tool weldments has 
increased our welding speeds 
three to six times over previous 
hand welding .. . has eliminated 
spatter cleaning, minimized joint 
preparation, and reduced distor- 
tion and cracking problems. These 
cost savings and product im- 
provements contribute materially 
to the advantages already gained 
by the changeover of these parts 


to welded design. 


In fabricating the weldment 


Boosts Welding Speeds 75% 
with “Manual Lincolnweld” 


By EDW. F. ARNTZEN 
Sales Engineer 
A. C. Woods & Co., Rockford, Ill, 


shown in Fig.1, we assemble and 
hold in place the various members 
by tack welding. The units are 
then sent to the welding floor for 
complete welding. Finish welds 
are made with the ‘‘Manual 
Lincolnweld” machine except at 
inaccessible places where hand 
welding is used. On parts such 
as this, we have increased welding 
speed 50% to 75% with ‘Manual 
Lincolnweld.”’ All welds were 
made with a single pass, and very 
little distortion and no cracks 
were encountered. 


To weld channels into box 


Fig. 1. ‘Manual Lincolnweld” fabricates this weldment at a speed of 50% to 75% higher 


1949 


than that of former method and eliminates cleaning. 


The ispublisbed y THE LINCOLN ELECTRIC COMPANY :ic progress 


Write for free copy of Manual Lincolnweld,” Bul. 373. The Lincoln Electric Company, Dept. 97, Cleveland 1, Ohio. 


sections for press frames, we clamp 
the welding gun to a radiograph 
as shown in Fig. 2. Joints are 34” 
thick, bevelled. The 45-inch single 
butt welds (one on each side of 
the box) are made at a speed of 
25 inches per minute. Floor-to- 
floor time is 10 minutes, com- 
pared to 30 minutes for the 
former method. 

The high speed of ‘Manual 
Lincolnwelding”’ reduces distor- 
tion and joint-cracking problems 
which were formerly encountered 
in large parts such as the base 


shown in Fig. 3. 


Fig. 2. Mounted on radiograph carriage, 
“Manual Lincolnweld” gun boosts out- 
put of these box sections 200% 


Fig. 3. Speedy, concentrated heat of 
“Manual Lincolnweld” reduces distortion 
and cracking problems in welding of parts 
such as this base. 


| 
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Yes, the General Electric WD-43 is a welder’s 
welder. Rated at 300 amps (NEMA), it’s designed 
to generate the ultimate in d-c welding perform- 
ance. Whether its putting out its minimum or its 
maximum current, it stays right with the job 
with a peppy but easily controlled arc. And its 
extremely accurate current control is particularly 
useful with small diameter electrodes. 

Its bigger and smaller brethren (the 400- and 
200-amp ratings) are just as versatile. ; . just as 


You can put your confidence in 


D-C 


good at either extreme or anywhere in between on 
their broad current range. Their compact, func- 
tional design means extra welding performance 
with none of the dead-weight normally present in 
old-style d-c welders. 

As motor-generator sets or in the engine-driven 
versions, G-E WD-40 series welders are operators’ 
favorites everywhere they go. As one operator 
told us recently, “From the time I first struck an 
arc with this set, I was certainly impressed by the 
unusually steady stable arc.” 


GENERAL ELECTRIC 


ARC WELDERS 


4 
You the same 
; 


Single-dial dual contrel, an exclusive G-E 
feature, makes precise current setting @ cinch 
every time. You simply set the dial and the 
welder does the rest. You'll also like the 

e @ inexpensive maintenance ... the de- 
penda 


“life-span”. 


ble, low-cost operation over a long SEND US THE COUPOM / 


THE WHOLE STORY ow | 
WO-40 SERIES WELDERS 
‘S$ RIGHT 1M THIS 
BOOKLET... 


WELL SEND YOu 
YOUR COPY 


ELECTRODES ... ACCESSORIES ... RENEWAL PARTS 


INCIDENTALLY, HAVE YOU SEEN ARC WELDING AT 


WORK’’? This new, sound-color motion picture depicts 
clearly the cesign and production advantages inherent 
in the three basic types of arc welding. Ask your G-E€ 
Arc-welding Distributor or mail the coupon tomorrow 


Dept. 711-6, Apparatus Department 
General Electric Company. Schenectady 5, N.Y. 


0 Send me bulletin GEA-4852 covering WD-40 series 
d-c welders 

CO I'd like te see Welding at Work’’ 

NAME 

COMPANY 

ADDRESS 


STATE 


| stable arc...top-notch performance with | a 
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NEW LITERATURE 


Lincoln Service Directory 


The Lincoln Eleetrie Co. has just issued 
an attractive service directory covering 
authorized field-service shops for parts, 
repair service, preventive service and 
rental service. One hundred twenty-four 
places are listed in practically every state 
of the union and in Canada, 


Farm Welding Booklet 


A new 24-page booklet, “S87 Welding 
Ideas for the Modern Farmer,” which 
features specific case histories on how 
farmers from practically every state have 
used their G-E. farm welders to repair, 
remodel and completely fabricate farm 
equipment, was announced recently as 
available from the General Electric Co., 
Schenectady 5, N. Y. 

Listed as publication GEA-5053, this 
2-color, pocket-sized booklet contains 87 
illustrated case histories, a section on basic 
welding techniques and a page on selection 
of electrodes for any particular job. 

The new publication, emphasizing the 
broad range of applications for welding on 
the farm, is an “idea” book, designed to 
show what can and is being done with 
welding by progressive farmers throughout 
the country. 


Electrode for Steel Problems 


Eutectic Welding Alloys Corp., 40 
Worth St., New York 13, N. Y., has issued 
a six-page technical bulletin describing 
the application of their new Euteetrode 
670 for all types of steel application, 
including manganese steel, cast steel, 
alloy steels, clad steels and stainless steels, 


Micro Hardness Tester 


Kent Cliff Laboratories of Peekskill, 
N. Y., has just issued Bulletin K-49, 
illustrating and describing the Kentron 
Micro Hardness Tester. The Kentron 
is a recent development in the field of 
micro hardness testing. 

Copy available on request. 


Hardsurfacing Guide 


The Lincoln Eleetrie Co., Cleveland 1, 
Ohio, has issued an attractive 4-page 
Hardsurfacing Guide. This bulletin 
briefly describes the numerous Lineoln 
electrodes for various applications of hard 
surine ng 


Fume Collectors 


The Ruemelin Mfg. Co., 3860 N. 
Palmer St., Milwaukee 12, Wis., has just 
issued a new Bulletin No. 37-D, illustrating 
the Ruemelin Fume Collectors. Five 
models are shown. The models include 
fume collectors for practically every fume 
removal application for welding. Copy 
available upon request. 


Resistance of High-Nickel Alloys 


to Sulphuric Acid Corrosion 


A new technical bulletin on the re- 
sistance of high-nickel alloys to corrosion 
by sulphuric acid has been issued by The 
International Nickel Co., Ine. 

While the bulletin is technical in na- 
ture, it is written so that it can be readily 
understood by nontechnical as well as 
technical staffs of industries in which 
corrosion by this useful but highly corro- 
sive agent is a problem. 

Performance of over 30 different nickel- 
bearing materials in a wide range of serv- 
ices is discussed. Prepared by members 
of the Company's Corrosion Engineering 
Section, the bulletin contains 86 tables and 
33 graphs and photographs in addition to 
text matter. 

Problems involving such a wide range of 
operations from the pickling of steel to 
petroleum refining and textile processing 
are discussed. Known as Technical Bul- 
letin T-3, it is available without cost 
through the offices of The International 
Nickel Co., Ine., 67 Wall St., New York 5, 
N.Y. 


Industrial Cleaning Training 


With industry today relying more and 
more on the recommendations of the engi- 
neers and spec ially trained representatives 
of its material and equipment suppliers as 


dependable sources of technical assistance, 
it is interesting to read about the compre- 
hensive training course with which one 
manufacturer equips his field service 
specialists for this work. 

Such a course is graphically described 
in «a special 40th anniversary issue of 
Oakite News Service, house organ of Oakite 
Products, Inc., long-time suppliers of 
specialized industrial cleaning materials. 
\ feature section of this issue shows how 
new field) service representatives are 
trained in the latest technical develop- 
ments and techniques of industrial clean- 
ing and related operations. This is done 
by having the camera follow two trainees 
through the company’s chemical research 


New Lite rature 


and service laboratories, into special lee- 
ture sessions by its field engineers, and 
through the many other phases of the 
course. Finally, an unusual photograph 
taken at the completion of the course 
shows a new service representative sur- 
rounded by some 750 Ib. of demonstrating 
and testing equipment, technical litera- 
ture and other service aids, ready to as- 
sume his new duties in providing indus- 
trial plants with the all-around technical 
advisory service demanded by today’s 
complex cleaning and associated problems, 

Readers interested in obtaining free 
copies of the special issue of Oakite News 
Service in which this training course is de- 
scribed, should address Oakite Products, 
Inec., 118 E. Thames St., New York 6, 
| 


Booklet on Phos-Copper 


The Westinghouse Electric Corp., has 
published a new 15-page booklet on ex- 
truded Phos-Copper, the uniform brazing 
alloy for copper, brass and bronze. 

Extrusion and its contribution to better 
brazing is discussed at the beginning of the 
booklet. Then, eight methods of brazing 
with Phos-¢ ‘opper are described—gas 
brazing, dip brazing, incandescent-carbon 
brazing, electric-furnace brazing, high- 
frequency induction, are-torch brazing, 
earbon are and spot welder. 

The booklet discusses why Phos-¢ ‘opper, 
with any recommended brazing method, 
saves material, time machines, man power 
and money. The reader also learns why 
Phos-Copper is better for manufacturing, 
installation work and maintenance. 

The sizes and shapes of Phos-Copper, 
and also Brazaid No. 1 Flux and Fluxine 
paste are pictured and described. The 
last two pages contain diagrams which 
illustrate why “know how” makes good 
brazing easy and show proper joint de- 
signs. 

A copy of the booklet (B-4198) can be 
obtained from the Westinghouse Electric 
Corp., P.O. Box 868, Pittsburgh, Pa 


High-Speed Photography 


A 129-page illustrated booklet on high- 
speed photography has been pre pared by 
the Society of Motion Picture Engineers 
Consisting of papers presented at the sym- 
posium on high-speed photography during 
the October LO4S8 convention of the Society 
the booklet deseribes various high-speed 
eameras us well ts techniques used by 
governmental and industrial agencies 

According to John H. Waddell, chair- 
man of the high-speed photography com- 
mittee, “These papers form the foundation 
tor high-speed photographic work whic h Is 
being continued at the first International 
Symposium on High-Speed Photography 
held at the Hotel Statler in New York on 
April 6, 1949. The subjects covered in- 
elude not only motion picture photog- 
raphy but high-speed still photography as 
well.” 

Specific topics discussed the new 
booklet include electrical flash photog- 
raphy and a new high-speed stroboscope 
lamp for high-speed photography, motion 
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ESISTING ARC WE 


Inc. 
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“Products and services that rate ‘top billing’ 


are those that do what they're supposed ‘o 
do, and do that well. Because of their per- 


formance, our products have won this rating.” 


21800 MILES AVENUE 
, inc. CLEVELAND 22, OHIO 


7, DR COLD DRAWING, ROLLING. 
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picture equipment for very high-speed 
photography, methods of analyzing high- 
speed photographs and the uses of high- 
speed photography in the armed forces, 
automotive and other industries and_re- 
search. 

The booklet may be obtained for $1.50 
from the Society of Motion Pieture En- 
gineers, 342 Madison Ave., New York 
17,N.Y 


Testing Machine Accessories 


A new 12-page bulletin, No. 261-A, 
describes the supplementary devices which 
are used to adapt testing machines to the 
widest scope of testing conditions. These 
include several types of specimen grips, 
auxiliary equipment to widen the range 
of testing such as transverse test fixtures, 
cold bending fixtures and load-weighing 
air cells; accessories that extend some 
uspect of testing machine performance 
such as the controlled-temperature cabi- 
net, furnace and load controlling acces- 
sories; and various testing conveniences. 
More than 30 illustrations show this 
equipment and how it is used. Copies 
are available from the Baldwin Loco- 
motive Works, Philadelphia 42, Pa. 


Protective Garments 


Aljay Manufacturing Co., Inec., 1516 
Callowhill St., Philadelphia 30, Pa., has 
issued a two-page bulletin deseribing their 


Welding 


welders’ aprons, sleeves and curtains. 
Copies sent upon request. 


Industrial Elevators 


Bulletin 10482, recently released, pre- 
sents the comprehensive line of Barrett 
elevators and portable eranes. This 36- 
page book is profusely illustrated and 
contains full information specifica- 
tions on the various models in this line. 

The elevators shown include portable 
hand-operated types with load capacities 
from 500 to 5000 Ib., and lifting heights 
up to 36 ft., electric-operated portable 
types with capacities from 500 to 5000 
Ib., hand- and electrie-operated telescopic 
portable types, barrel and drum elevators 
including tilting models, pallet types, four- 
post types, platform loading and balcony 
elevators, revolving base types and floor- 
to-floor elevators. Barrett portable cranes 
with fixed or revolving bases and electri- 
cally operated hoists are also shown. 

The very Barrett elevators, 
the “Hundred” line—three standard mod- 
els that meet a wide range of elevator 
requirements—are presented in an insert. 

Described arfd illustrated in detail are 
the features which have figured in the 
widespread use of this make of elevators; 
such as the specially designed Barrett 
hoists for hand-geared and electric models, 
the cable safety device and other features 
which lend security; protected sheaves, 
the thermal overload switch, slack cable 
switch, automatic hinges, fully enclosed 
gears, grooved cable drum, direet-con- 


newest 


When heavy, unwieldy weldments like these diesel crank cases can be 
quickly swung into any position so that every weld is made downhand 


—that’s efficient welding! 


Weldors spend more time welding—do better welding at lower cost 
when they work with C-F Positioners because these hand or power 
operated machines reduce positioning time to a minimum. Investigate 


the cost-saving advantages of C-F Positioners. 


any company 


They pay their way in 


Write for Bulletin WP24—an illustrated circular detailing the specific 
advantages of C-F Positioners 


Cullen-Friestedt Co., 1323 Kilbourn Ave., Chicago ro 


586 


= 
positioned welds 
_ mean better, more 


economical welds 


New Literature 


nected motor and are-welded construc- 
tion. 

Bulletin 10482 will be mailed upon 
request by Barrett-Cravens Co., 4609 5 
Western Blvd., Chicago, IL 


Bulletin on 27% Chromium-lron 
Offered by B & W Tube Co. 


‘The properties and characteristics of 
27% chromium-iron are comprehensively 
presented in a 30-page bulletin reprinted 
from an article by H. D. Newell, chief 
metallurgist of the Babcock & Wilcox 
Tube Co. It is illustrated with numerous 
photographs, tables and graphs prepared 
by the company's research department. 
Among the subjeets covered are properties 
ut elevated temperatures, impact proper- 
ties and notch sensitivity, struetural char- 
acteristics, embrittlement phenomena, 
working and fabricating and heat treating. 

The bulletin, TR-506, will be sent free 
on request to the Babeock & Wilcox Tube 
Co., Beaver Falls, Pa. 


Tool Engineers’ Handbook 


The whole field of mechanieal manu- . 
facturing industries and all the processes” 
they employ in fabricating raw materials 
into finished products are covered in the 
Tool Engineers’ Handbook scheduled for 
publication in July, according to an 
announcement by Harry Conrad, 
Executive Secretary of the American 
Society of Tool Engineers, 10700 Puri- 
tan Ave., Detroit 21, Mich. 

Frank W. Wilson, editor of the Hand- 
book, points out that the contents of this 
major reference work can be classified 
under the following major headings: (1) 
Planning and Control of Production, 
Inspection and Quality; (2) Materials 
and Machinability; (3) Casting and Ex- 
truding Operations; (4) Metal Cutting; 
Grinding; Finishing; (5) Metal Forming; 
(6) Welding, Gluing and Mechanical 
Joining of Materials; (7) Surface Finish 
and Protective Coatings; Peening; Bal- 
ancing; (8) Gaging; Inspection; Testing; 
(9) Fixture, Die and Tool Design; Lim- 
ited-Production and Master Tooling; (10) 
Machine Tool Controls and Feeding 
Devices; (11) Design of Threads; Gears; 


Bearings; Springs; Other Elements; 
(12) Mathematies; Physics; Reference 
Tables. 


In preparing the Handbook, the Ameri- 
can Society of Tool Engineers envisioned 
a completely new approach to meet needs 
which have developed in the transition of 
American industry from the era of the 
skilled craftsman who could produce an 
item almost single-handedly to the era of 
intensive specialization which demands 
the cooperative efforts of the many men 
of mass production. 

Engineering handbooks commonly re- 
flect the current 
The early handbooks naturally emphasized 
manual bench operations; dealt with 
the simpler basic types of machines and 
tools; scantily coordinated the product, 
the tool and the method. Such approach 
cannot serve the specialist of today, who 
requires detailed and highly specialized 
data. 


mechanical patterns. 
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history! 


These unretouched photographs 

show clearly the perfect weld made 
with the mew Arcaloy AC-DC stainless 
electrode. Note the even bead, just as it 

appears after slag is removed, the perfect 
feathering and lack of porosity. 


"Ties new Arcaloy AC-DC stainless electrode gives you excellent arc start- 
ing performance on a// types of AC welding equipment, with outstanding 
welding characteristics on either AC or DC current. It has a smooth, stable 
arc with fine-spray weld metal transfer. Bead is uniform, full throated with 
straight-line feathered edges, and weld metal has complete penetration. 


Welder fatigue is reduced . . . slag is easily and completely removed with 
no secondary film, which means less cleaning, grinding and polishing time. | 
Weld has corrosion resistance equal to that of the parent metal, with excel- 

lent mechanical properties. This all-new Arcaloy AC-DC stainless electrode 

is available in a// chrome-nickel analyses . . . is packed in all-steel moisture- oY 


proof containers. Write for sample electrodes today! 


This new electrode is the result of Alloy Rods Co.'s 

continuous research and development which constantly 

FOR improves standard electrodes, and develops new and 

SEND better ones. For more specific information on this or any 
FREE of the other Alloy Rods Co. electrodes for welding mild, 


samples stainless or tool steel, cast iron and various alloys, write 


today to: Alloy Rods Co., Dept. C-7, York, Penna. 


Look for the FLAMING-ARC Trademark 


} 


To meet such needs, the Handbook was 
planned to integrate and present in one 
easy-to-use volume the widely seattered 
technical data developed by the Society's 
18,000 members, the operating methods 
and standards of producing companies, 
national and associational standards, 
proceedings of engineering societies and 
institutes and published findings of the 
technical press. 

“All this tested and proven know-how 
of modern manufacturing is contained 
in a 2300-page book,”’ Wilson declared. 
“It thoroughly covers the mass-production 
fabricating industries.” 


One Electrode for Most Steel 
Problems 


A universal steel-welding electrode that 
solves most steel-welding problems has 
been announced by Eutectic Welding 
Alloys Corp., New York, in the February 
issue of The Eutectic Welder. This 6-page 
house organ, with a circulation of over 
225,000 is devoted to an interesting dis- 
cussion of the great number of applica- 
tions of Eutectrode 670 (DC) and Eutee- 
trode 67 (AC) for are welding. Adaptable 
to all types of steel welding, these Eutectic 
low-temperature welding alloys are also 
recommended for overlay, against frie- 
tional wear. 

For further information, write to Eutee- 
tic Welding Alloys Corp., 40 Worth St., 
New York 13, N. Y. 


DO THE JOB 
BETTER... 
~TEASIER.... 


with 


RESISTANCE WELDING 
PRODUCTS 


greater service life. 


Weldaloy manufactures a complete line of Elect- 
rodes — seam welder wheels — castings — 
forgings —dies—bar stock—holders, etc. . . . 
that give better welds . . . better conductivity and 


Air Reduction Announces New 
Reprint on Inert-Gas Welding 


The Air Reduction Sales Co. has 
announced the availability of the new 
reprint entitled “Practical Aspects of 
Inert-Gas Welding” by H. A. Huff, Jr., 
and A. N. Kugler. This reprint was 
originally presented in the form of a paper 
before the 29th Annual Meeting of the 
American Society and sub- 
sequently appeared in Tue Wevpine 
JOURNAL. 

The 16-page article offers a comprehen- 
sive résumé of inert-gas, shielded-are 
welding, including a description of the 
process, gases used, electrodes, straight 
vs. reversed ‘polarity, d.-c. and a.-c. 
welding equipment, control of gas flow, 
techniques in welding stainless steel, 
aluminum, copper magnesium, steel and 
other metals. The text is augmented by 
14 photographs and three tables. 

Copies may be obtained without charge 
from Air Reduction Sales Co., 60 FE. 
42nd St., New York 17, N. Y., or any 
Aireo sales office. 


Cast-Iron Electrodes 


The Lincoln Electric Co., Cleveland 1, 
Ohio, has just issued a 4-page Technical 
bulletin No. 465, describing the different 
types of electrodes which this company 
manufactures for cast-iron welding. Prop- 
erties and procedure, as well as typical 
applications, are included. 


Clean big 
parts with 
the OAKITE STEAM GUN! 


Price Increase on Textbook 
Manual of Design for Are- 
Welded Steel Structures 


The Air Reduction Sales Co., has an- 
nounced that the price on their structural! 
welding text book, Manual of Design for 
Arc-Welded Steel Structures, has been 
raised from $2.00 to $3.00. The company 
advised that higher printing and binding 
costs make the price increase necessary. 

The manual, published in 1946, is now 
in its third printing. It was compiled by 
Air Reduction’s La Motte Grover, a recog- 
nized authority in the field of structural 
welding. 

The book contains 300 pages of useful, 
up-to-date information covering funda- 
mentals of design, materials, inspection, 
estimating and engineering control of 
welding and related operations. 

Chapters are included to encompass 
electrode requirements, specifications for 
welded connections for all sizes of rolled 
beams and a series of diagrams for the 
rapid design of welded connections 

Manual of Design for Arc-Welded Steel 
Structures is based largely on standards of 
the AMERICAN WELDING Society, The 
American Institute of Steel Construction 
and upon reports of the Welding Research 
Council of the Engineering Foundation. 

Copies of this valuable, attractively 
bound manual may be obtained from Air 
Reduction Sales Co., 60 E. 42nd St., 
New York 17, N. Y., or at any one of the 
Airco sales offices located throughout 
the country. The book is sold with a 
10-day money-back guarantee. 


ERE’S an easy way to clean metal parts that are 
too large to be soaked in tanks or conveyed 


through washing machines. 


Just use the Oakite Solution-Lifting Steam Gun to 
apply an Oakite cleaning solution under about 40 
pounds of steam pressure. 
vanish quickly, leaving the parts ready for inspection, 


Oil, grease and other dirts 


assembly, further machining, overhaul or repair. . . 


ping solutions. 


FRE 


The same gun may be used with Oakite paint-strip- 


Write to Oakite Products, Inc., 18 E. Thames 
St,, New York 6, N. Y., for illustrated folder 
F7338 containing more information about the various 
models of the Oakite Solution-Lifting Steam Gun and 


For the FINEST in resista Iding needs, con- 
sult WELDALOY. 


Send your requi ees g 


and price list available on request. 
PRODUCTS 


WE LDALO COMPANY INOUSTRIAL CLEANING MATERIALS METHOOS 


20869 MOUND RD. * BOX 145 © DETROIT, MICH. —< 


the many cleaning operations on which they are used 
with substantial savings in time and money. 


OAKITE 


Technical Service Representatives Located in 
Principal Cites of United States and Canada 
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DISTILLATION UNIT 


COMPLETELY SELF-CONTAINED 


A fifty gallon working capacity 
complete Distillation Unit con- 
structed entirely of solid nickel. 
Contents heated by means of 
“Dowtherm" within steel jacket 
provided with expansion joint. Unit 


consists of kettle with appropriate 


agitator, reflux condenser, receiv- 
ing tank, sight box and all neces- 
sary nickel piping and nickel valves. 
Entire unit stamped ASME. 
Our staff of technical experts are pre- 


pared to specifically design equipment 


for a laboratory or a complete plant. 


DIVISION OF CONTINENTAL COPPER AND STEEL INDUSTRIES, INC. 


PERTH AMBOY > 


NEW JERSEY 


June 1949 
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Hobart Arc-Welder Specification 
Catalog 


The Hobart Brothers Co., has released a 
new, 8&-page, 2-color catalog containing 
illustrations, deseriptions, dimensions and 
specifications on its complete line of “Sim- 
plified” are welders, which includes elee- 
tric motor driven d.-c. welders in six sizes 
from 150 to 1200 amp.; gasoline engine 
driven welders in four sizes from 200 to 
600 amp.; a.-c. transformer type welders 
in four sizes from 180 to 500 amp.; weld- 
ing gencrators only in three sizes from 150 
to 300 amp.; gasoline engine driven weld- 
ers with auxiliary a.-c. or d.-c. power gen- 
erators; gasoline engine driven combina- 
tion ac. are welders and a.-c. power 
units in two sizes from 200 to 300 amp., 
and other models in all sizes for special 
arc-welding applications. Various fea- 
tures comprising the machine are indi- 
vidually illustrated and described. Also 
listed is a high-frequency stabilizer at- 
tachment for use with any standard a.-c. 
transformer type welder of 500 amp. or 
less. This attachment provides the essen- 
tial high-frequency stabilization, with 
added convenience control features to 
greatly simplify inert-gas-shielded welding. 


Catalog on Gas Welding 
Supplies 


The publication of a new catalog on gas- 
welding supplies has been announced by 
Air Reduction Sales Co., manufacturers of 
oxyacetylene and electric arc-welding 
equipment. 

The new catalog, the first of a projected 
series of ten, completely describes 19 differ- 
ent gas-welding rods, 8 different fluxes and 
includes a section on silver-brazing allovs 
plus a page devoted to carbon rods and 
carbon plates. 

This easy-to-read, 16-page catalog is 
carefully indexed for ready reference. It 
is 8'/, x 11 in. in size, with three hole 
punches for binder or loose leaf filing. 

The text material offers descriptions of 
the mechanical properties of the various 
products and recommendations regarding 
their application. Data on lengths, pack- 
aging and available diameters are included 
for each welding rod. 

Copies of this new catalog are immedi- 
ately available at any Airco sales office. 


Indentation Hardness Testing 


Indention Hardness Testing, by Vincent 
E. Lysaght of the Wilson Mechanical 
Instrument Co., N. Y., is useful, factual 
and based on up-to-date industrial re- 
search practice. This new book covers 
the many problems involved in the hard- 
ness testing of metals and other materials. 
It describes the instruments in most com- 
mon use—the Brinell, Rockwell, Sclero- 
scope and Diamond Pyramid, as well as 
those used for specialized types of hard- 
ness tests. The author evaluates the 
advantages and disadvantages of each and 
gives complete specifications. He covers 
in detail the recent advances in the field 
and the work of present hardness com- 
mittees of the leading technical societies. 

Whether you are a metallurgist, a test- 
ing engineer, a machine operator or a stu- 
dent, you will find much of value in this 
complete story of hardness testing. The 
more advanced student and research 
investigator will find sufficient theory to 
afford a comprehensive basis for practical 
hardness testing. The plan, scope and 
simplicity of language make the book 
admirably suited for a text in schools 
offering courses in metallurgy. 

Vincent FE. Lysaght is a graduate of 
M.L.T. Since 1926 he has been in the 
Standardizing Laboratory of Wilson Me- 
chanical Instrument Co., where he has 
dealt with all problems involving testing, 
development and research in hardness 
testing. He has written many articles 
and presented talks on the subject to many 


chapters of the A.S.M., A.S.T.M. and 
Price $5.50. Published by Reinhold 


Publishing Corp., New York, N. Y. 


Ultrasonics 


Ultrasonics, by Benson Carlin of the 
Hillver Instrument Co., and formerly 
Product Research Supervisor, Sperry 
Products, is a pioneer volume dealing with 
the many engineering aspects of the ultra- 
field, including the vital theory as 
well as a great deal of practical informa- 
tion never before published. Electronic 
considerations and outlines of circuits are 
specifieally reviewed. Mechanical and 
electrical design of ultransonic systems are 
and illustrations are slanted to 


sonic 


discussed, 


give definite guidance to the engineering 
worker in the field. 


Important theoretical considerations 
have been presented in a manner suitable 
for application. Definitely slanted to- 
ward the practical rather than the purely 
theoretical worker, it contains particularly 
valuable information on testing materials, 
agitation, ultrasonic transducers and ultra- 
sonic systems. 

The astounding changes in various 
forms of matter brought about by ultra- 
sonic vibrations of great intensity are 
explained, and interesting work being 
done in the biological, physical and chemi- 
eal fields is discussed. 

Price $5.00. Published by 
Hill Book Co., New York, N. \ 


MeGraw- 


Oxyacetylene Welding 
and Cutting 


Oxyacetylene Welding and Cutting, bw 
Stuart Plumley, Formerly Chief Engineer, 
Smith Welding Equipment Corp., and re- 
vised and rewritten by T. B. Jefferson, 
Editor, The Welding Engineer, fills the 
need for a easy-to-understand 
course of instruction in oxyacetylene weld- 
ing and cutting technique. It begins with 
basic principles and proceeds step by step, 
to show you how to develop skill in han- 
dling both repair and production work 
Changes and refinements that have been 
devised in the use of the oxyacetylene 
flame are explained and evaluated. 

This guide covers all types of welding 
and cutting work: pipeline welding, 
fame-cutting steel and cast iron, brazing, 
lead welding, welding light metals, bronze 
welding and brazing, hard-facing, boile: 
and firebox welding, ete. 

Particular stress has been placed on pipe 
welding and the newer techniques in the 
welding of alloy aluminum, mag- 
nesium and silver brazing. Included, too, 
are chapters on job-shop operation and 
management and the business side of 
welding, written to welding- 
shop owner to svstematize his shop so that 
it will be more profitable to him 

Published by MeGraw-Hill Book Co 
May be purchased through the AMERICAN 
WELDING Socrety, 33 W. 39th New 
York N.Y. Price $6.50 
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Buy “PROVEN FLUXES” 
Years of GUARANTEED SATISFACTION 


No. 1 


No. 4 -Cast Flux for Bronze W. 


No. 11 Tinnin 
No. 16 Silver 


Fort Wayne, Ind. 


behind these GOOD 
“ANTI-BORAX”’ FLUXES 


Insist on them — Unequalled Quality 


Cast lron Welding Flux 
No. 2 Brazing Flux for Brass, oes 
Braz elding Cast 
No.5 &8 Cast & Sheet Aluminum 
No. 9 Stainless Steel Welding Flux 
Compound 
der Paste Flux 


ANTI-BORAX COMPOUND co., INC. 


e, Steel, 
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SPECIALIZING IN “BETTERBUILT’ 


WELDING & SAFETY 
EQUIPMENT 


FOR OVER 25 YEARS 


There is a DOCKSON distributor near you. Name on request. 


CORPORATION 


3839 WABASH ¢ DETROIT 8, MICH 
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The small truck ideal for handling small size cylinders. Easily 
loaded...easily unloaded...rolls like a charm. Adjustable tele- 
scoping tubular device holds cylinders securely. All-welded tuby- 
lar construction, mechanical rubber tires, oiless bronze bearings. 


Streamlined one-piece 
safety handle and 
streamlined tool tray 
and rack. Bicycle type 
wheels with solid rub- 
ber tires. Platform has 
beveled front edge 
and side rail. Chain 
holds cylinders rigidly 
in place 


Welded steel con- 
struction with tool 
tray and rack. Baked 
enamel finish. Steel 
spoke wheels, 18” dia- 
meter, 2" face. Rear 
platform rail. Chain 
holds cylinders rigidly 
in place. 


use this single Source Of Supply to save TIME and MONEY 


@ Typical of Burdett’s ability to “deliver” are these three exclu- advanced products (3) savings in time, record keeping and 
sively designed trucks...each made for a particular purpose... delivery by securing all your needs at one source of supply. 
all saving money on labor and equipment You save whenever BURDOX products are handled by leading welding distributors 
you buy BURDOX equipment because you get (1) quality equip- who will be glad to acquaint you with the complete BURDOX 


ment at lowest prices (2) better production by having the most line—or send coupon below today for the literature you want. 


TORCHES 


PACKAGED WELDING ROD 


HELMETS 


0 Send literature on following type of cylinder truck 


0 Send free copy of new 68 page catalog. 
FIRM 


NAME 
ADDRESS 


city 


1949 


Gas in Cylinders 
WwANDLE with CARE 
in 


A New Koven Jobbing Service 


L. O. Koven & Brother, Inc., Jersey 
City, N. J., manufacturers of boilers, 
tanks, piping, special process equipment 
and weldments, announces the installation 
of a new 1000-ton Bliss drawing press at 
their Dover plant. The press is available 
for parts and subassembly production on a 
jobbing or contract basis. 

This press is currently producing the 
heads for 275-, 550- and 1000-gal. fuel oil 
tanks and the generators for the Koven 
Waterfilm boilers. 


Resistance Welding Supply 
Plant 


The Weldaloy Products Co., Detroit, 
Mich., have purchased and are operating 
a new modern plant adjoining their present 
location. 

According to James A. O'Grady, Presi- 
dent, “Due to the ever-increasing use of 
resistance welding in industry, we have 
been forced to increase our production to 
meet customers’ demands. The new plant 
is completely equipped with the latest 
machines and is used to produce special 
types of resistance welding supplies.”’ 

The metallurgical research and engi- 
neering divisions of Weldaloy are housed 
in the new plant and are under the direc- 
tion of C. R. “Bob” Shroder. 


Philadelphia Bronze and 
Brass Corporation 


Charles E. Sehley has been elected 
Chairman of the Board of the Philadelphia 
Bronze and Brass Corp., it was announced 
recently by the Board of Directors of that 
corporation 

Donald Bryden, associated with the 
Corporation 22 years, has been elected 
President and Direetor and Gordon E. 
Keim has been elected Vice-President and 
Director. 

It was also announced that P. R. Mal- 
lory & Co., Ine., of Indianapolis, has 
acquired a financial interest in the Cor- 
poration. Dr. F. R. Hensel and Ray 
F. Sparrow, Vice-Presidents of P. R. 
Mallory & Co., Ine., have been elected 
Directors of Philadelphia Bronze and 
Brass Corp. Other Directors of the 
Corporation are George Schmidt, and 
Arthur Kitson. 

For more than 12 years Philadelphia 
Bronze and Brass Corp., has been licensed 
by the Mallory Co., to supply castings and 
forgings of special Mallory alloy materials 
for various industrial applications. In 
addition, the Corporation has specialized 
in producing other nonferrous alloys of 
copper, nickel, chrome and aluminum, in 
the form of castings and forgings. 
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The Mallory Co., is one of the country’s 
largest manufacturers of metallurgical 
products and electronic parts 

In his announcement, Mr. Schley 
stated that these recent moves will 
strengthen and expand the sales organiza- 
tion, engineering facilities, and the finan- 
cial position of the Philadelphia Bronze 
and Brass Corp. 


Resistance Welding Sales 


An increase of 14% in shipments of 
resistance-welding equipment has been 
reported for March 1949, as compared 
with the previous month, according to 
B. L. Wise, President, Resistance Welder 
Manufacturers Assn. 

Shipments of resistance-welding elec- 
trodes—best guide as to the utilization of 
resistance-welding equipment—reached a 
new high for the year to date, being approx- 
imately 11% in excess of February and 
8% ahead of the longer month of January. 


The Engineering and Marine 
Exhibition, London, England. 
Aug. 25 to Sept. 10, 1919 


The complete premises of Olympia, 
London, England, are reserved for the Ex- 
hibition which is the largest exhibition 
solely devoted to products of the me- 
chanical engineering industry in the world. 

This Exhibition first took place in 1906 
and, except for the interruption of the two 
world wars, has taken place at bivearly 
intervals ever since. The 1949 Exhibition 
will be the seventeenth in the series. 

The 1947 Exhibition broke all previous 
records for the number of exhibitors and 
visitors. The 1949 Exhibition, with over 
600 exhibitors booking space, has al- 
ready broken all previous records for size. 

There has been a steady improvement 
in deliveries of United Kingdom engineer- 
ing products as the nation has reorganized 
from a War to peace basis. Our engineer- 
ing exports in 1948 were nearly 200% 
higher than the machinery export tonnage 
for 1938. 


Stud Welding 


Arrangements for the sale of patented 
Nelson stud-welding guns, gun parts, pat- 
ented ferrules and patented flux-filled 
studs to KSM Products Corp., of Mer- 
chantsville, N. J., for resale by them in 
the United States, have been completed 
by the Nelson Stud Welding Division of 
Morton Gregory Corp., which has also 
licensed KSM to manufacture and sell 
slug-loaded studs in this country. KSM 
is not licensed, however, to make flux- 
filled studs, but ean purchase them from 
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the Nelson Stud Welding Division for 
resale. 

The Nelson stud-welding process is used 
extensively in the shipbuilding, automo- 
tive, boiler, construction and other metal- 
working industries, both in the United 
States and in Europe, whge Nelson prod- 
ucts have a large acceptance. 

Engineering and research facilities of 
Morton Gregory Corp., and its Nelson 
Division, maintain a continuous program 
for the improvement of stud-welding 
products and processes and the develop- 
ment of new applications, in the interests 
of its customers, distributors and licensees 


Ferguson Organizes Company 


The Ferguson Welding and Pipe Line 
Engineering Co. of America, Columbus, 
Ohio, has been recently organized by D 
O. Ferguson, an engineer registered under 
the Engineer’s Act of Ohio as a Profes- 
sional Engineer. Mr. Ferguson is also a 
member of the Amertcan WeLptna So- 
CIETY. 

Mr. Ferguson has severed his connec- 
tions with the Columbia Engineering 
Corp., the engineering subsidiary of the 
Columbia Gas System, Inc., where he was 
employed as an engineer for almost 21 
vears. His title was Chief Welding En- 
gineer and Pipe-Line Construction En- 
gineer. 

In organizing the new company it is Mr 
Ferguson's thought to make his services 
available to all pipe-line companies and 
pipe-line contractors particularly along the 
lines of pipe-line welding, welder qualifica- 
tion and procedure, investigation of weld 
or pipe-line failures, design and inspection 
of welding and pipe-line construction 


Cc. E. Smith Organizes the 
Resistance Welder Engineering 
Co. 


C. FE. Smith, 44 Union Savings & Trust 
Bldg. of Warren, Ohio, has organized the 
Resistance Welder Engineering Co., mak- 
ing available a consulting engineering serv- 
ice on resistance welding, power supply 
problems, power factor correction, 3-phase 
to single-phase conversion, electronic con- 
trol design, rectifier engineering and sery- 
ice engineering. 

Mr. Smith was formerly Chief Elee- 
trical Engineer of the Taylor-Winfield 
Corp., and enjoys an enviable engineering 
position in the resistance welding field 
Previous to this position he was a design 
and development engineer on resistance 
welding controls for the Westinghouse 
Eleetrie Corp. He is a Member of A.1.E.E 
and American WELDING Soctery, is the 
author of numerous technical papers on 
welding and served on various technical 
committees of R.W.M.A., and 
the Amertcan Socrery. 
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NEW PRODUCTS 


High-Temperature Tempilstiks 


Tempil® Corp. of 132 W. 22nd St., New 
York 11, announces the development of 
additional high-temperature ratings of 
Tempilstiks® (crayons) and Tempil® Pel- 
lets. 

Both these temperature-indicating prod- 
ucts can now, for the first time, be ob- 
tained in the temperature range between 
1600 and 2000° F. This is of special in- 
terest because of the growing importance 
of higher operating temperatures in today’s 
technology. 


Beginning with 113° F., Tempilstiks 
and Tempil® Pellets are now available in 
12'/-degree steps to 400° F. and in 50- 
degree steps from 400 to 2000° F. 

Tempilaq®°, the paint form of tempera- 
ture indicator, is available in similar in- 
tervals from 113 to 1600° F. only. 


Ohio Spot-Weld Nuts and Spot- 
Weld Screws 


The recognition of the necessity of using 
all possible methods of bringing down 
costs of manufacturing all sorts of domes- 
tic, office and industrial appliances has 
focused the attention of industrial man- 
agement on the reduction of fastening 
costs by the use of resistance-welding 
equipment. 

As makers of fasteners and fittings for 
attaching to sheet steel surfaces by using 
projection welding, The Ohio Nut & Bolt 
Co. of Berea, Ohio, has received repeated 
requests to make a line of fasteners and 
fittings that could be attached by the 
spot-welding method. As is well known, 
spot-welding machines may be either the 
rocker-arm or press type. Spot welding is 
used in many instances to ‘tack’? the 
fastener or fitting in place on products 
where the design throws no particular 
stress or load upon the welded joint. 

A new bulletin illustrates seven sizes 
of spot-weld nuts ranging from No. 8-32 
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up to and including °/,.-18 threaded hole 
now being made on a production basis and 
earried in stock at Berea. The bulletin 
also illustrates 63 production sizes of spot- 
weld screws for which tools are carried in 
stock for prompt shipment of production 
quantities. 

Stock sizes of spot-weld nuts and pro- 
duction sizes of spot-weld screws are de- 
signed for use with the commercial thick- 
nesses of sheet steel. Spot-weld nuts are 
made of low-carbon steel, specially made 
to give optimum welding quality and, 
likewise, the spot-weld screws are made 
either of low-carbon steel, high brass or 
stainless steel. 

The savings obtained by using these 
new products run, in many cases, five 
times the selling price of the product re- 
placing parts now being are welded or 
brazed in position. 


Electrode Holder 


P. R. Mallory & Co., Inc., Indianapolis, 
Ind., announce a new bench-type welding 
electrode holder that offers complete ver- 
satility in adjustment, using standard 
packaged electrodes. 

The new Mallory holder was specifically 
designed to save setting-up time and 
eliminate the need for bending and ma- 
chining special tips 


Of especial interest to the welding in- 
dustry are these outstanding features of 
the new holder. It has a full 180° range of 
head adjustment with positive locking in 
any position under full operating pres- 
sures. Heads are available for 30 or 90 
electrode angle and the electrodes have 
positive, nonslip adjustment in the holder 
head over their entire length of 1°/¢ in. 
Because each electrode has a 90 and 30 
welding face, in combination with 90 and 
30° holder heads, a variety of positions is 
possible. 

In addition to the many features listed, 
the new holders eliminate the need of 
handling rod stock for making up special 
electrodes. Electrodes are available in 
Elkaloy A and Mallory 3 metal, and are 
packaged in '/, and in. diameters, 


New Products 


Light-Weight Torch 


The Liquid Carbonic Corp., Chicago, 
announced their new model AV-10 light- 
weight welding and brazing torch. The 


torch is all braze construction with the 
rear end designed for easy hose connec- 
tions. It converts into a cutting torch by 
use of WC-10 cutting attachment. 


*One-Split” Bus Design for 
Feed-In Duct 


Square D Co., Detroit, has incorporated 
a “one-split bus” arrangement in its Feed- 
In Duct which greatly reduces voltage 
drop in the distribution of power over long 
distances. 

The illustrated cross section is typical of 
a three-phase Feed-In Duct assembly. 
“One-split bus,”’ A, with halves positioned 
on either side of the other two busses 
separated by insulator plates, permits 
close spacing and electrical symmetry im- 
portant to reduction of both energyloss 
and voltage drop 


Illustration at top shows Square D 

Feed-In Duct in place. Lower illus- 

tration shows cross section of 3-phase 

Feed-In Duct assembly with “‘one- 
split bus’’ construction 


Solid ebonized asbestos insulating plates, 
B and C, totally enclose the busses and 
have great mechanical and high dielectric 
strength. In addition, they are imper- 
vious to moisture and resistant to arcing. 
Surge clamps, D, and bolts, F, every 24 
in., give structural and mechanical 
strength necessary to withstand 50,000- 
amp. “shorts.” Steel channels, 2, com- 
plete the housing. 

A typical example of this reduced volt- 
age drop characteristic is found in a 3- 
phase 1200-amp. section of Square D 
Feed-In Duct carrying full load at 70% 
power factor. The voltage drop is only 
0.0000187 v. per ampere foot (2.24 v. per 
100 ft. for 1200-amp. load) 

Applications of Square D’s Feed-In 
Duct include: (1) service entrances from 
transformer banks to distribution centers, 
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, 


(2) vertical distribution in multiple story 
buildings, (3) low-drop transmission of 
large power blocks to utilization area and 
(4) supplying of resistance welder and 
other loads having normally low-power 
factor and high demand with a minimum 
voltage variation. 

Feed-In Duct is available in 1200-, 
1600-, 2000-, 3000- and 4000-amp. ratings, 
2- and 3-wire single phase. Three-phase 
and 4-wire service for 600 v. or less. Car- 
ries the approval and label of Under- 
writer’s Laboratories, Inc. 

For further details, write Square D Co., 
6060 Rivard St., Detroit 11, Mich. 


Stainless Electrode and 
Container 


Alloy Rods Co., of York, Pa., has an- 
nounced two new developments—a new 
Arealoy a. c.-d. ¢. stainless electrode, 
and a new all-steel, moistureproof and 
greaseproof electrode container. 


tests have proved this aew Arcaloy a. ¢. - 
d. ¢. produces the cleanest welds in stain- 
less ‘welding history. It is available in all 
chrome-nickel steel analyses. 


Contour Cutter 


Heath Contour Cutter, manufactured 
by Heath Engineering Co., Fort Collins, 
Colo., provides the versatility and accu- 
racy of an expensive pantograph machine 
at a fraction of the cost. A standard acety- 
lene machine cutting blowpipe is employed 
to automatically reproduce a desired pat- 
tern in any sheet steel or heavy-plate steel 
quickly and with uniform accuracy. Du- 
plicate flat-shape forms, cut to a predeter- 
mined pattern, can be produced at low 
cost for many metal fabricating opera- 
tions. The Heath Contour Cutter — is 
simple to operate, fast, accurate and is 
readily adaptable to mass production 
techniques. Master patterns can be 
quickly changed, working edges are clean, 
smooth-fitting and ready for welding. 


The new container is said to simplify 
stock problems and eliminate moisture 
damage to electrodes. It comes in easv- 
to-handle 5- and -l0-lb sizes, designed to 
hold just the right amount of eleetrodes 
for typical welding jobs. The manufac- 
turer points out that any electrodes left in 
the container after the welder has finished 
an immediate job are kept moisture free 
when the self-locking top is replaced. 

The new Arealov a. e - d. 
electrode is packed in the all-steel con- 
tainer. The manufacturer claims that 


Stainless 


TRANSFORMERS 
For Furnaces,Lighting, Distribution, Power, Auto 
Phase Changing Welding, and Special Jobs 
OIL and WATER COOLED. 


779 South 13th St. 


Near Avon Ave 
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SPOT WELDERS sizes 


OR SPERATION. 
also BUTT, ARC, and 
GUN WELDERS 


Sizes 1 4to 300 KVA. 
EISLER ENGINEERING CO., INC. 

CHARLES EISLER, PRES. 
NEWARK 3, N. J., U.S.A. 


The Heath flat-shape flame cutter ts 
sturdy, compact and precision engineered 
to satisfy the exacting requirements of 
flat manufacture in shop and factory. The 
“brain,” or pattern-tracing finger, incor- 
porates a variable speed, magnetic rotor 
which exactly follows the master pattern 
in producing flat-shape duplicates in any 


quantity desired. Optional operating 
speed permits adjustinent to accommodate 
any gage steel or production procedure; 
such as stack cutting, ete. Rotor diameter 
of '/¢ in. insures accurate pattern tracing 
of acute and obtuse angles, obverse and 
reverse curves, slots and projections 
Flexible range of practical pattern sizes 
includes 4/,-in. holes to 5-ft. diameter 
shapes. 

All moving parts are sealed, ball-bearing 
mounted and require no lubrication. Two 
bubble levels and four leveling serew ad- 
justments in the base give true horizontal 
operation, 


Shortstub Electrode Holders 


“Lifeguard” is a new insulation material 
which completely covers the clectrode 
gripping head of Bernard “‘Shortstub” 
electrode holders. In that the unique de- 
sign of shortstub holders makes it possible 
to deposit the total fluxed length of welding 
electrodes which results in the lowest pos- 
sible electrode waste, the new insulation 
material was developed to withstand the 
direct heat of the are when the last inch 
of the electrode is being deposited. Labo- 
ratory and field tests prove that the new 
“Lifeguard” insulation will withstand 
these high temperatures and will wear two 
to four times longer than ordinary types 
of material generally used for this pur- 


pose 


The new insulation also has an extremely 
high resistance to impact and will not chip 
or erack regardless of how rough the 
holder is handled. In that all metal parts 
of the Shortstub electrode holders are 
completely covered with insulation they 
ean be handled without danger of electric 
shock even when used in wet areas 

Shortstub eleetrode holders with Life- 
guard insulation are manufactured by 
Bernard Welding Equipment Co., 741 
71st St., Chieago 19, Il 


TYPES 
UAL MOTOR, 


parts to be welded 


tural frame. 


STYLE 


WELDING CONNECTORS 


Saxe System Welded Connection Units 
Sare Units place in position and securely hold together structural 


As used in many welded structures they eliminate «il hole pun: 
ing producing an economical, rigid, safe and quickly erected struc 


“Write for 58 pg. Manual containing full engineering design 
information for welded structures.’ 


J. H. Williams & Company 
B 


G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


for welded assembly 


h 


uffalo 7, New York 


New Products 


THe WeLDING JOURNAL 


| 
| 

— 

= 

| 

i 
| 
— 


ERE is a handy data sheet that 

can help you get good results 
in Gas Welding, Arc Welding or 
Furnace Brazing. It lists the differ- 
ent types of jobs you might want 
to do and shows which Revere 
Welding Rod will give best results 
in each use. This data sheet is free 
for the asking—write for your 


copy today. 


Revere Welding Rods are among 
the many copper and copper alloy 
products made by Revere Copper 
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and Brass Incorporated. As with 
other Revere products, constant 
research, modern production 
equipment, and rigid quality con- 
trol have made Revere Welding 
Rods unsurpassed in quality and 
performance. 


Revere Welding Rods include: 
Revere 456 Low-Fuming Bronze 
Welding Rod, Revere Bronze 380, 
Manganese Bronze, Herculoy, 
Phosphor Bronzes, Brass (Brazing 


Rod), Silicon Deoxidized Copper 


and Electrolytic Copper. All come 
in 100-pound cases or in 25-pound 
cartons, net weight, and are stocked 
by Revere Welding Rod Distribu- 
tors in all parts of the country. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 

Mills: Baltimore, Md.; Chicago, Ul; 
Detroit, Mich.; New Bedford, Mass.; Rome, N.Y. 
Sales Offices in Principal Cities, 
Distributors Everywhere. 


YOUR GUIDE BETTER WELDING 


wheels in one day 


process, 


standard 
mounted 
avoid 


coils 


Machining 


Cost of Rebuilding Wheels 
Cut 30% 


Formerly it required two welding opera- 


tors to rebuild a set of mine locomotive 


by the manual 
the Unionmelt 
rebuild from 5 


are 
Using 
operator can 


process, 
to S 


wheels per day, depending on the amount 
of wear. 


The welding installation consists of a 
Unionmelt U welding head 
stationary edlumn. To 
interruptions, 150-Ib. large-size 
of welding rod are used. The 


on a 


hopper on the machine is filled by gravity 
from an auxiliary hopper holding 500 Ib. of 
granular Unionmelt welding material (not 
shown in the photograph ). 


The mine wheels are mounted in an 


old lathe and rotated under the welding 
head at the proper speed. 
ipproximately 
posited over the 3-in. face of the wheels in 
a laver '/, in. thick 


An average ot 


25 Ib. of material is de- 


Welding time was reduced from an aver- 


age of 3 hr. by hand build-up to 70 min 


Unionmelt 
are reduced 


the automatic process 


operations 


Time Counts 
Gas cut and Weld with 
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much as 50° and tool breakage due to 
hard spots is practically eliminated. Due 
to the continuous rotation and the amount 
of material applied, no further heat treat- 
ing or annealing is required. 


Electric Soldering Pliers 


Electric soldering pliers, employing the 
current-resistance principle introducing 
a faster and more positive method of sol- 
dering, have recently been placed on the 
market by the Durst Manufacturing Co., 
11110 Cumpston St., North Holly- 
wood, Calif. These pliers which guarantee 
freedom from ‘‘cold-joints” cut soldering 
in half. Instantaneous heat 
quires no tinning, heat elements or tips 
Tool is always cool. 

The Durst electric soldering pliers are 
designed for wiring and soldering. They 
are especially adaptable to compact as- 
semblies. The wires or parts to be soldered 
are held by the pliers, the foot switch is 
depressed for an instant, heating the wires 
or part sufficiently to melt the solder. The 
current-resistance principle employed 
heats the work instantly only at the point 
The pliers remain cool at all 


at 


labor re- 


of contact 


times and the resultant soldered joint 
with this “heat in the work” process re- 
quires less solder, makes a solder-weld at a 
localized point without heating the entire 
terminal, seorching or burning insulation, 
nor shrinking plastic insulation 


Low Melting Aluminum 
Welding Alloy 


Through pioneering in the field of join- 
ing aluminum without fusion 
metal, Eutectic Welding Alloys 
New York, offers to Industry another new 
kutectic development in the form of the 
Eutee-Aluminum-Weld Economizer 

Rene D. Wasserman, President, 
nounces that this compact, handy Eeon- 
omizer kit for 
torch welding of aluminum at 
tures far below melting point of aluminum 
For greater strength welds with no dis- 
tortion, Eutee-Aluminum-Weld will an- 
swer the needs of all those working with 
aluminum. 

Designed as an extremely thin-flowing 
alloy for use with special Eutector Flux, 
lap and slip type welds on aluminum be- 
come a simple task. Eutec-Aluminum- 
Weld, because of its extremely fluid char- 
readily the surface, 
resulting in a clean, smooth weld. It is 
most suitable for joining thin parts. . a job 
that would be impossible with higher melt- 
ing alloys. The finished weld is corrosion- 
resistant and has excellent match 
No after-machining required. No 
waste of material is involved. Packed in 
coil form in this container, with a jar of 
Eutector Flux in the bottom section ot the 
Economizer, time is wasted hunting 
for alloy and flux. Both are con- 
tainer, for ready use 
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Corp., 


an- 
is specifically designed 
tempera- 


acter, bonds to 


color 


is 
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in one 


Black and White 


NET MONTHLY ADVERTISING RATES 


Effective July 11, 1947 


Space 


Six Twelve 
Insertions | Insertions 


Three 


One 
Insertion | Insertions 


*Full page 


$185 $165 


Two-thirds page 


130 120 110 


Half Page 


105 95 85 


Quarter Page 


60 58 55 


Eighth Page 


40 35 30 


*Inside Preferred 


205 185 170 160 


10% Extra for bleed full pages. 
Agency Commission —15% 
Cash Discount — 2%, 10 days 


Color $65 extra per color added 


New Products 
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£00-kv x-ray unit 


Remarks: Rysy 


KODAK INDUSTRIAL 
X-RAY FILM, TYPE K 


The wall of the tank was thick—the kilovoltage available 
was low. And the customer was impatient for delivery. 
So the radiographer did this job with Kodak Industrial 
X-ray Film, Type kK. 

This film, in contact with lead foil screens, has suffi- 
ciently high speed to allow reasonable exposure with 
equipment of moderate power. The good definition so 
obtained is added assurance that significant weld irregu- 


larities will not be missed. 


RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on 
radiographic principles, practice, 
and technics. Profusely illustrated 


with photographs, colorful draw- 
ings, diagrams, and charts. Get 
your copy from your local x-ray 


dealer—price $3.00. 


Radiography... 


another important function of photography 


| 


A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to 
any combination of radiographic factors, Kodak 


produces four types of industrial x-ray film. They 
furnish the means to check welds efficiently and 
thus extend the use of the welding process. 


Type K has medium contrast with high speed. For gamma 
ray and x-ray work where highest possible speed is neede« 
at available kilovoltage without calcium tungstate screens. 


Type F provides the highest available speed and contrast 
when exposed with calcium tungstate intensifying screens 
Has wide latitude with either x-rays or gamma rays, ex- 


posed directly or with lead screens 


Type M provides maximum radiographic sensitivity, high 
contrast, and exceptional detail under direct exposure or 
with lead foil screens. It has extra fine grain and the speed 
is adequate for examination of light alloys at moderate 
kilovoltage and for much million-volt radiography. 


Type A offers high contrast with about three times the 
speed of Type M, but with slightly more graininess. Used 
direct or with lead foil screens for study of light alloys at 
low voltages, and of heavy steel parts at 1000 kv. 


EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N.Y. 4 


KKodalk 


“Kodak” is a trade-mark 
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2,465,456 Mecuanism—Fred- 
erick H. Johnson, Pleasant Ridge, Mich. 
The apparatus covered by this patent 

includes a unitary member provided with 
a cylindrical bore that receives a piston 
formed from electrically insulating mate- 
rial. The piston has a piston rod secured 
thereto with one end extending outwardly 
of the bore. A single block of electrically 
insulating material is secured within the 
bore and has a passage therethrough for 
slidably engaging with the piston rod. 


ELectrrope—Gor- 
ham W. Woods, Cleveland, Ohio, 
assignor to The Lincoln Electric Co., 
Cleveland, Ohio, a corporation of Ohio. 
Woods’ electrode includes an elongate 
metal tube formed from a metal strip 
which has inner and outer circumferen- 
tially overlapping edges. The outer of 
the edges is turned radially “outwardly 
to form a continuous integral rib extend- 
ing longitudinally of the electrode, and an 
outer coating of flux is positioned on the 
electrode that leaves the rib exposed. 


2,465,596—Arc-W ELDING System — 
George G. Landis, South Euclid, and 
Norman J. Hoenie, Cleveland Heights, 
Ohio, assignors to The Lincoln Electrie 
Co., Cleveland, Ohio. 
This patented welding system includes 
a transformer the secondary of which is 
connected to the welding circuit. An 
independent, normally closed circuit is 
provided and has a supplemental winding 
included therein adapted to induce ad- 
ditional flow of current in the secondary 
winding of the transformer. A control 
relay is provided in the welding circuit 
for opening the independent circuit and 
cutting out the supplemental winding in 
the transformer after a predetermined 
eurrent flow is set up in the welding cir- 
eult 


2,465,750-—Composition POR PREPARING 

ALUMINUM AND THE Like FoR We 

inc--Arthur A. Reid, Westfield, N. J. 

Assignor to Reid Engineering Co., a 

corporation of New Jersey. 

Reid’s patent is on a liquid composition 
that consists of substantially equal parts 
by volume of orthophosphoric acid, nitric 
acid and ammonia. 


2,465,879-2,465, S80 — PorTABLe Spot 


Wevtper— George J. Kauder, Brooklyn, 
N.Y 
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prepared by V. L. Oldham 


Printed copies may be obtained for 25c from the Commissioner of Patents, Washington 10, D.C. 


This novel spot welder inchudes as one 
feature of the apparatus a nosepiece which 
is pivotally mounted upon an upper front 
portion of the frame and which supports 
the movable electrode of the apparatus. 
A earrier handle is provided for the welder 
and a pivotal handle portion is also pro- 
vided and is associated with and connected 
to the pivotal nosepiece whereby move- 
ment of the movable handle section can 
control the movement of the movable 
electrode carried by the nosepiece. 


2,466,497—AvtTomatic WELDING MacHINE 
William E. Smith, Detroit, Mich., 
assignor to The Midland Steel Products 

Co., Cleveland, Ohio, a corporation of 

Ohio. 

This welding apparatus includes a 
earriage which has a welder slide mounted 
on the carriage. The carriage is moved 
through a longitudinally directed cam 
and a welder is provided on the welder 
slide and cam means connect the welder 
to the movement control means so that 
the welder slide is first moved in the diree- 
tion of movement of the carriage and then 
is moved in the opposite direction while 
the carriage is constantly propelled in one 
direction. 

2,466,562— Arr or PLATE 
CONSTRUCTION 
Arthur W. Steinberger, Elizabeth, 
N. J., assignor to Curtiss-Wright Corp., 
a corporation of Delaware. 

In this welding method, the elements to 
be welded together are positioned in a 
desired relation after which a moldable 
material is applied to the article and eon- 
formed to the final shape of the weld 
desired and a formable refractory thermal 
setting composition is then applied to the 
moldable material. Next the associated 
article and materials are heated which 
sets the refractory material and ultimately 
fuses or melts the moldable material 
which then can be drained from associa- 
tion with the members. Next weld 
material is applied to the article to fill the 
void left by moldable material flowing 
from its original position after which the 
refractory composition can be removed 
from the elements after the weld metal 
has frozen in position. 


2,466,761 Appa- 


ratus— Paul Cahen and Gustavo Adol- 
pho Marinho Lutz, Rio de Janeiro, 
Brazil. 


This welding apparatus relates to a 


Current Welding Patents 


special type of a transformer which has a 
single-turn secondary winding which is 
rotatably mounted on the core and which 
comprises a pair of cireumferentially split 
annular welding electrodes. A cireum- 
ferentially split and annular conductor is 
mounted between and mechanically se- 
cured to each electrode and other means 
respectively connect electrically one elec- 
trode to one conductor to provide at least 
one complete secondary winding turn 
about the core. The secondary winding 
is completed by the work to be welded 


 Too.—Peter 

N. Frade, Detroit, Mich Assignor 

to C. E. Phillips & Company, Detroit, 

Mich., « corporation of Michigan. 

This patent is on a carbon-flame electric 
welding tool which includes telescopically 
and concentrically positioned conductors 
that have an insulator tube positioned 
therebetween. Holders for the electrodes 
extend laterally from one end of each of 
the conductors and a handle is secured to 
the opposite end of one of the conductors 
Resilient means are provided for urging 
the conductors in a direction to separate 
the electrodes from each other and means 
are operable by hand for relatively moving 
the conductors to contact the electrodes 


2,467,311 —Metruop or 
William W 
Hudson, Moline, Ill, assignor to 
Deere & Co., Moline, [iL a corporation 
of Illinois. 

This patent relates to a special welding 
application wherein two metal blades are 
positioned at acute angles with relation 
to each other at a corner to be formed 
between such members. The adjacent 
or contacting metal portions of the mem- 
bers are fused together after which « filler 
metal is deposited at the outermost por- 
tion of the corner formed between the 
members. 


2,467,321 Aprararus— Ches- 
ter F. Leathers, Detroit, Mich 
Leathers’ apparatus relates to a high- 

amperage, low-voltage electrical system 

wherein a plurality of energy using ele- 
ments are provided and have electrics 
energy supplied thereto Circuits con- 
nections are provided between the source 
of electrical energy and the energy using 
elements and a plurality of branch circuit 
portions are connected to the elements 

Contactors are provided for controlling 

the current flow from the source of energy 
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to the elements and a plurality of indi- 
vidual contactors are connected in the 
corresponding branch portions of the circuit 
and individually responsive to the ele- 
ments to which they are connected. 


2,467,379—We.pine System—Harold J 
Graham, Boston, Mass., assignor, by 
mesne assignments, to Graham Mfg. 
Corp., Detroit, Mich., a corporation of 
Michigan. 

The patented welding apparatus in- 
cludes a plunger casing which is slidably 
carried by, and insulated from, a guide 
easing. The plunger casing has a per- 
cussIOn block carrying u work holder 
secured thereto and slidably engaging « 
working plunger adapted to impinge upon 
and make electrical contact with the per- 
cussion block. The working plunger is 
urged toward the percussion block when 
the guide casing is moved toward the 
plunger casing. Latching means nor- 
mally engage the plunger and secure it to 
the plunger easing and they extend into 
the path of a portion of the guide Casing 
to be released by relative displacement ot 
the casing against the foree urging the 
plunger toward the percussion block. 


2,467,516 —Metuop or 
Box Sretions— Einar Alm- 
dale, Rocky River, Ohio, assignor to 
The Midland Steel Products Co., 
Cleveland, Ohio, a corporation of Ohio. 
This welding method relates to the 

formation of a box section from two elec- 


trically conductive channel sections by 
overlapping same and welding together 
the flanges thereof. The outer flanges 
are deformed to provide means for sup- 
porting the inner flanges against inward 
deflection, and the welding action is se- 
cured by the combined effect of inwardly 
exerted pressure and electric current. 


Device 

Hans Alfred Schlatter, Zurich, Switzer- 

land. 

This patent covers « special welding 
combination wherein «a clamping means 
including a bridge for bridging the spot 
to be welded and comprising two longi- 
tudinal bearer members and two yoke 
pieces is provided. The bridge includes 
walls forming a stationary and a displace- 
able clamping chamber within which the 
ends of workpieces to be welded are locked. 
Two contact jaws are supported on a 
chassis member which also supports a 
welding transformer. Each jaw is adapted 
fo grip one end of each of the work- 
pieces, 

2,467,628 

R. O'Neill, Warren, Ohio 

An electric-resistance welding apparatus 
of the type in which the apparatus serves 
ts a means for applying pressure to the 
parts to be welded is disclosed by this 
patent. The construction provides two 
relatively movable members for support- 
ing electrodes and fluid pressure means 
are provided for moving one of the elee- 
trodes with relation to the other. 


GUN Louis 

R. O'Neill, Warren, Ohio 

0’ Neill’s second patent relates to details 
of the construction of the piston and cyl- 
inder assembly for controlling a position 
of a movable electrode with relation to a 
stationary electrode, which construction 
is of the general type covered in his patent 
No. 2,467,628. 


Dik ror WELDING 
ApparaTus—Bernard Stoudt, Valley 
Stream, and Anthony Giordano, Brook- 
lyn, N. Y., assignors to Ames Spot 
Welder Co., Inc., Brooklyn, N wa a 
corporation of New York 
A special type of a die is covered in this 

patent, which die is adapted to form a 

contact tip on an electrode. 


2 467,723 —Srup WELDING APPARATUS 
Kenneth Frederick Barlow, Preston, 
England, assignor to The English 
Electric Co., Ltd., London, England, a 
British company. 

In this patent, a stud-welding gun is 
disclosed and it includes a sleeve that is 
slidably positioned within a cylindrical 
body portion. Clutch means are posi- 
tioned within the sleeve and a spindle pro- 
jects from the sleeve for engagement with 
the clutch means. Spring means are 
provided for biasing the sleeve with rela- 
tion to the body portion and additional 
spring means by which the sleeve 1s 
biased with relation to the spindle 


LIST OF NEW MEMBERS 


ANTHONY WAYNE COLUMBUS Keene, John A.C 
Schlatter, Carl ¢ B — iD Joseph 
BIRMINGHAM eiateins Lamont, William D. (B 
. Leimeter, John (C 
tay, Marvin (¢ DETROIT Lillard, L. F. (C 
: MeLaren, Gordon 
BOSTON \dams, Emil (¢ Menzies, William P 
Foster, Francis (B \rnold, L. (B Miller, C. A. (B 
Bacher, Frank (C Odren, Glenn (B 
BRIDGEPORT Barrett, J. G. (C Paxton, Charles F 


Bellville, Glen (C 
Bird, Harrison, Jr. (B ate 
Bogard, Earl J. (B : 
Breen, Mervyn (B 2eiss. Gordon F. (C 
Cartmill, Samuel (C : 
Clark, Archer D. (C 
tobert H. (B 
Davis, Samuel G. (C 
Files, Claude I. (C 
Gulick, Michael (C 
Hodgdon, Lester (C 
Houtsma, J. H. (C 
Jernigan, Glen W.(C 
Karl, Robert L. (B 
Keefer, Ernest G. (C 


Nelson, Alfred (C 
Nelson, Robert A. (C 


CHATTANOOGA 
Jackson, Herbert Dan (C 


Coburn, 


CHICAGO 

Lifton, W.O.(B 
Schneider, H. FE. (C) 
CLEVELAND 


DeJohn, Ben (C 
Kotchian, John F. (C 


June 1949 


fpril 1 to April 30, 1919 


fapp, John (C 


Soi, Lee Lin (C 
Tarter, Wallace (B 
Weed, H. D. (B 


Indiana 


Isgrigg, Gilbert E 
Kuhn, Charles (B 


List of New Members 


Plummer, William R. (B 


toeland, Robert (C 
togala, Edward (C 


Bowman, Macy (B 


INLAND EMPIRE 
Reynolds, E. L. (B 
KANSAS CITY 

Smith, Martin W. 


LONG BEACH 
Ebberheimer, Howard |B 


B 


LOS ANGELES 

Guy, G. M. (B 

Kellerman, Ludwig B. (C 
MAHONING VALLEY 
Boley, Frederic, William (© 


MARYLAND 

Donnelly, James H., Jr. ‘4 
Lanmon, Paul A. (C 
Roberts, Joseph A. (¢ 
MILWAUKEE 

Burris, Van W., Jr. 
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Here are three typical case reports on repairs made 
with Ni-Rod: 
“41. Block broke in crank chamber after 9381 hours of 


N the open-pit nickel mines at Copper Cliff, 
Ontario, Diesel trucks haul 32-ton ore loads 
up steep, winding roadways. After several 


thousand hours of this severe service, failures develop 


in castings and engine parts. 


A serious type of failure is the cracking of cast iron 
cylinder blocks. New engine blocks cost $644.09 each 
...a price that makes the prospect of repairs very at- 
tractive. 


In the past, damaged blocks have been repaired by 
oxy-acetylene welding, a relatively critical and time- 
consuming process. But recently, repairs have been 
made with metal-arc welds, using Ni-Rod* electrodes. 
This technique has been completely successful, and 
the use of Ni-Rod electrodes has given excellent weld 
quality and has cut welding time. 


service. A patch was welded in with Ni-Rod. Since the 
repair, the block has operated 2064 hours and is still 
in good condition. Cost of welding was $12.75. 


Crank shaft failed after 1746 hours. The broken end 
engaged the main bearing shells, turning them in the 
block, heavily scoring the saddle. Repairs were made 
by machining the bearing area to .100-inch oversize, 
building up with Ni-Rod, and finally machining to 
correct size. This prolonged the engine life by 4087 
hours. Cost of the entire repair was $40.60. 


Crank shaft failed after 4540 hours, causing damage 
similar to that described in Case 2, above, and was 
repaired the same way. The engine is still in opera- 
tion 1369 hours after the repair. The cost of repair 
was $42.50.” 
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The three blocks described have a total replacement 
value of $1,932.27. Subtracting the repair costs, there 
is a net saving of $1,836.42, and a gain of more than 
7520 hours of operating service. 

Maintenance stories such as these...three of hundreds 
in our files ...show why 4 out of 5 shops re-order Ni-Rod, 
once they’ve tried it. If you are not yet familiar with 
Ni-Ro«’s outstanding advantages, why not order a pack- 
age today? Your nearest INCO distributor stocks Ni-Rod 
in 3/32”, 1/8”, 5/32”, and 3/16” diameters. 

Send for your free copy of: “NI-ROD—A New Elec- 
trode for Any Cast Iron Welding.” 


The Frood Stobie Mine. Copper 
Cliff, Ontario, operated by The 
International Nickel Compatiy 
of Canada, Ltd 


One of the Diesel-powered 
trucks used for ore hauling at the 
Frood Stobie Mine. The truck 
maintenance department has 
standardized on Ni-Rod elec- 
trodes for cast iron repairs. 


HERE’S WHAT NI-ROD GIVES YOU 


in usefulness 


in performance in weld quality 


— Stable arc in all positions — High-strength deposit — General repair and mainte- 
nance of cast iron parts, includ- 


~ Shap ing build-up of worn surfaces 
— Thorough fusion — Quick remedy for minor flaws 
— Easy slag removal — Freedom from cracks and in new castings 

— Preheating seldom required porosity — Correction of machining errors 
— Works on both AC and DC — Close color match — Assembling cast iron to steel 


OF SERVICE 


EMBLEM 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. “Reg. U.S. Pat. Of 
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Cook, R. H. (C 
Wogsland, Neal C. (D 


NASHVILLE 
Henshaw, Riehard A. 


NEW JERSEY 


branthwaite, Wilfred (C 
Chapin, Henry J. (C) 
Giangrande, George (C 
Labaugh, William (C 
LaFrance, Bert (C 
NEW YORK 

Axthelm, Everett (B 
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Sands, John W. (C 
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NIAGARA FRONTIER 
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Slaughter, Gerald M. (D) 
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Grabner, Walter J. (C) 
Pitzl, Joseph (B) 

Sahly, Henry (C) 
NORTHWESTERN PA. 
Chester, Elbert N. (B) 


PORTLAND 


Anderson, Jack V. 
Johnstone, Thomas A. 


ROCHESTER 
Santangelo, Bennie J. (B 


ST. LOUIS 
Burdge, David V. (C 


PEORIA SAN FRANCISCO 
Callahan, James (B) Boyle, W. F. (B) 
PHILADELPHIA 


SOUTH TEXAS 


Benker, Charles H. (C) 
Buerkel, David H. (C) 
Grantland, George L., Sr. (C 
Hagerty, H. T. (B) 
Kennedy, Eugene (C 
Sanford, Edward R. (C 
Yeager, William W. (B 
Zuick, Albert J. (C) 


TOLEDO 


Ferrell, Thomas G. (C 
Holt, Walter Granville (C 
Parrott, H.C. (C) 
Sprow, Donald L. (C 


NOT IN SECTIONS 


Berg, J. ter (B) 

Bouillon, Rene (C) 
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McDaniel, Zee M. (D 
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Bender, Henry C. (C 
Clemens, Frank C. (B 
Engelman, R. C. (B 
Farwell, Kerlin R. (C 

Me Mullen, George T. (Bb 
Moser, R. F. (B 

Sage, Derreth C. (C 
Summers, Floyd M. 
Yeager, James P. (B 


PITTSBURGH 


Berger, John N. (B) 
Creutz, Prof. E. (B) 
English, R. H. (B) 
Enzian, George H. (C) 
Gray, Robert (B) 
Harvard, Jack (B) 
Ludwig, Howard C. (C 


WASHINGTON 
Fox, J.C. (C 


Renshaw, C. F. (B 
Smith, Albert 


Seubert, H. M., Jr. (D) 


YORK-CENTRAL PA 


During Month of tprit 


DETROIT 


Brown, Carroll (C to B 


NORTHERN NEW YORK 
Richter, Charles R. (C to B) 


SECTION 


inthony Wayne 


The April meeting of the Anthony 
Wayne Section was held on Friday the 
22nd at the Fort Wayne Chamber of 
Commerce Building. Following a buffet 
dinner which started at 6:30 P.M., the 
members and their guests were teted to a 
half-hour program of both old and new 
barbershop songs presented by the Reddy 
Kilowatt Barbershop Quartet. 

George Laws, Chairman, then an- 
nounced that the May Meeting would be 
in the form of a dance and card party to 
be held at the Orehard Ridge Country 
Club which would give the members’ 
wives a chance to enjoy an A.W.S. Meet- 
ing. 

Chairman Laws then introduced Paul 
(i. Feld, district sales and service super- 
visor for Handy & Harman, who in turn 
introduced the technical speaker of the 
evening, R. J. Metzler of Handy & Har- 
man’s engineering division, New York 
City. 

Mr. Metzler’s subject “Design for 
Silver Alloy Brazing” was very well covered 
in a “down to earth’ manner. He 
stressed and explained thoroughly such 
points as: proper choice of materials, 
proper heating methods of particular 
jobs, importance of joint preparation and 
fit-up, need for cleanliness of joint, suit- 


Hor 


Prepared by C, M. O' Leary 


able application of flux, proper silver- 
brazing alloy to be applied, and flux 
removal after braze is completed. He 
backed up his points and contentions with 
illustrative slides. Following ad- 
dress, a color sound film “The Funda- 
mentals of Silver Alloy Brazing’ was 
shown and a “Question & Answer” 
period then followed. Mr. Metzler and 
Mr. Feld answered a number of questions 
to the satisfaction of those proposing 
their problems. Due to the number and 
type of questions this portion was the 
“meat” of the evening's program and was 
highly educational. 

There were 60 present at the banquet 
and 63 present at the technical ses 


sion. 


Birmingham 


The May meeting of the Birmingham 
Section was held on the 3rd in Hooper's 
Cafe. This was a joint dinner meeting 
with the American Society for Metals. 
Approximately 95 members and guests 
heard Arthur N. Kugler, Mechanical 
Engineer of the Technical Sales Division 
of Air Reduction Sales Co., New York, 
give an interesting talk on ‘Welding 
Metallurgy.”” Included in Mr. Kugler’s 
talk were uses for different types of elec- 


Section Activities 


trodes, welding of stainless steels and 
aluminum 

\ lively discussion followed the talk 
and the Section was fortunate in having a 
speaker of Mr. Kugler’s experience to 
answer the many questions from the 
audience, 


Boston 


At the Annual Meeting of the Boston 
Section held on April 11th at the Graduate 
House, M.I.T., Cambridge, Mass., the 
tollowing were elected as officers to serve 
for the vear 1049-50. 

Chairman —Philip N. Rugg, Boston 
Edison Co., Boston; Vice-Chairman 
J. Donovan, Artisan Metal Products, Ine., 
Waltham; Seeretary-Treasurer—Louis I 
Dexter, The Tower Iron Works, Provi- 
dence, R. Trustee -H. J. Murphy, 
Mass. Engineering Co., N.  Quiney; 
Directors for two years -P. J. Durney, 
Employers Liability Assurance Co.; H.S 
Haywood, Welders Supply Co.; Elton J 
Wiseman, Stone & Webster Eng. Co 

Technical speaker at this meeting was 
Clair Le Blane of Wall Colmonoy Corp., 
who presented a clear-cut, interesting, 
nontechnical talk on “Sprav Welding.’ 
\ film on the same subject was shown in 
conjunction with the talk 
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The March 14th meeting was also held 
at Graduate House, M.LT. Dinner 
speaker was William C. White, President, 
E.S.N.E., who gave the news of the 
Engineering Society of New England 
Technical speaker was Wm. G. Theisinger 
of Lukens Steel Co., whose subject was, 
“Manufacturing and Fabrication of Stain- 
less Clad Steels.” A film on the same sub 
ject was also shown. 

The February 14th meeting was also 
held at the same place. F. L. Brandt, 
Electric Welder Co., 
presented the technical address on “Re- 
cent Developments in Synchromatic Flash 
Welding and Three-Phase Low-Frequency 
Converter Spot and Seam Welding.’ 

The January 10th meeting was also 
held at the same place. E. H. Turnock 
of Westinghouse Electrie Corp., spoke on 
the subject, “Welding Electrode Coat- 
ings.” 


of the Thomson 


Chicago 


A clear and foreeful talk on fixtures for 
automatic welding was the highlight of 
the April 15th meeting of the Chicago 
Section. The speaker, H. J. Bichsel, 
Westinghouse Kleetrie Corp mem- 
bers and guests a short history of auto- 
matie welding developments as pre- 
topic. Bare 
wire, coated wire and submerged melt 
types of automatic welding were then 
explained by Mr. Bichsel, and their appli- 
Almost 


re Varla- 


liminary to his principal 


cations in modern industry cited 
all automatic welding setups 
tions and combinations of circular or 


straight seams, he said. 

Construction features of welding equip- 
ment and the fixtures for 
various workpieces were described and 
discussed with the aid of slides. Perhaps 
most interesting in the slide presentation 


positioning 


was a series showing welding installations 
in Westinghouse plants around the coun- 
try for producing washing machines, frac- 
tional horsepower motor parts and other 
fabricated machinery 

William C. Pearson, Ist Vice-Chairman, 
presided over the meeting, which was 
ealled to order at 7:30 P.M 
were shown before committee reports and 
the technical session. They were “Bra- 
zil's Fishing School” and ‘Devil Drivers, 
a film on auto racing. 

The complete slate of officers and di- 
rectors for the 1949-50 term, which was 
first announced by the Nomination Com- 
mittee in March, was approved, as fol- 
lows 


Two movies 


William ( Pearson, West- 
inghouse Electric Corp.; Ist Vice-Chair- 
man P. Auler, Taylor Forge and Pipe 
Works; 2nd Vice-Chairman \. F. Choui- 
nard, National Cylinder Gas Co.; Secre- 
tary-Treasurer —L. C Monroe, W elder’ s 
Digest; Directors for 3-year-term—C. B 
Dewees, Dr. John M. Parks, Rav C 
Bender and FE. P. Gruesa; Directors for 2 
Hl. Swisher and L. A. Derrer and 
Maurice Sciaky 


Chairman 


years—T 
Director for 1 year 


Cleveland 


Regular monthly meeting of the Cleve- 
land Section was held on April 13th at the 
Cleveland Engineering Society. Coffe« 


talker was H. Gefvert, Reliance Electric & 


Junge 1949 


Engineering Co. Mr. Gefvert presented 
many interesting pictures taken during his 
trip to Sweden last summer 

Technical speaker was Frederick H 
Dill of the American Bridge Co. Mr 
Dill spoke on the subject, “Structural 
Welding.” Mr 
tions, designs and details of welded struc- 
tures as well as testing of materials, 
welded joints and other structural proc- 


Dill discussed specifica- 


There was an attendance of 200 at this 
meeting with 50 participating in the dis- 
cussion. 

As a result of a recent election, the 
following are the officers for the 1949-50 
season of the Cleveland Section 
Elder, The Cleveland 
Electric IHuminating Co.; Ist Viee-Chair- 
man—J. Calvin Wyss, Reliance Eleetric & 
Eng. Co.; 2nd Vice-Chairman—John 
Austin, Republic Welding & Flame Cut- 
ting Co. and Secretary-Treasurer—J. F. 
Wagner, The Burdett Oxygen Co., Ine. 

The Annual Welding Conference, or 
Symposium, held by the Cleveland Sec- 
tion, was held this year on May 13th at 
the Statler Hotel 

In addition to being unusually sueccess- 
ful from both «a technical and attendance 
standpoint, the Cleveland Section was 
honored to have the Board of Directors 
of the National Society present at some 


Chairman T 


of the technical sessions and the evening 
dinner 

The Conference, as usual, consisted of 
an afternoon technical session featuring 
three papers, a dinner and an evening 
talk of a nontechnical nature 

Dusty Miller, editor, philosopher and 
f Wilmington, Ohio, gave a 
refreshing 
which was enjoyed 


humorist 


down to earth, interesting, 


talk on “Attitudes” 
by all 

The afternoon technical session featured 
three papers. The first, “The Relation 
of Heat Treatment to the Welding of 
Ferrous Metals’ was presented by M. A 
Scheil and J. J. Chyle of the A. O. 
Smith Corp. D. C. Holt, of Stacey- 
Dresser Engineering Co., presented a 
paper on ‘‘Auxiliar Heating in Welding 
Fabrication’ and J. R. Henry, of Cleve- 
land Diesel, spoke on “Welded Steel 
Bases for Diesel Generator Sets.” 

This vear’s Annual Welding Conference 
was dedicated to fellow-member J. F 
Lineoln, President of The Lineoln Electric 
at dinner. As is 
the usual custom, the Annual Conference 


Co., who spoke briefly 


Colorado Sec 
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‘tion Educational Welding Clinic 


is dedicated each year to an outstanding 
member of the Cleveland welding frater- 
nity whose pioneering and fine efforts have 
raised the standard of welding throughout 
the nation, or throughout the community 

Toastmaster for the occasion was the 
Section Chairman ‘Mike’ 
dry humor and Irish wit are well known 
throughout Northeastern Ohio 

General Chairman for the Symposium 
was John Austin, Welding Engineer for 
Republic Welding and Flame Cutting 
Co. Technical Chairman was Ross Yar- 


Shane whose 


row of the same organization 

As usual, all the successful dinner ar- 
rangements were handled by stalwart and 
hardworking committeeman, kd Scott of 
Scott-Tarbell Co 


Colorado 


Very recently the Colorado Section held 
an educational welding clinic through the 
cooperation of the Denver Public Schools, 
the University of Colorado and The Linde 
Air Produets Co. The clinic featured 
Heliare welding which included the new 
HW-S Spot Welder. The first night Was 
devoted almost entirely to an explanation 
of the process and its possibilities. The 
second night gave those in attendance 
an opportunity to display their skill in 
welding various types of metal including 
Inconel, nickel, stainless steel, Everdur 
brass, copper and aluminum 

The meeting was well attended with a 
total attendance of about 300. 

Regular monthly meeting for April 
was held on the 12th in the Range View 
Room, Silver Wing Inn, Denver. Speaker 
at the technieal session was Merrill 8 
Metallurgical 
whose subject 

Principle 
interesting 


Rosengren, engineer, 
Stearns-Roger Mfg. Co., 
was, “Flame Hardening — Its 
and Application {very 
meeting and a subject well presented 
Due to the variation of ideas of proper 
flame hardening, this subject was well 
received At the close of Mr Rosengren = 
remarks the entire meeting were guests of 
the General Iron Works, who are manu- 
facturers of the entirely automatic Denver 
Flame Hardener, where the machine was 
actually demonstrated 


Columbus 


One hundred and fifty prominent engi- 
neers gathered together at the Fort Haves 
April 7th for the 


Hotel on Columbus 


Section dinner meeting, a feature of the 
Tenth Annual Ohio Welding Conference 
sponsored by the Department of Welding 
Engineering of Ohio State University. At 
the speakers’ table were representatives 
of the A.W.S. Sections in Youngstown, 
Cincinnati, Cleveland, Dayton, Toledo 
and Columbus. 

Prof. Jacob B. Taylor, Vice-President 
and Business Manager of Ohio State 
University, welcomed Convention guests 
to the University, and gave a preview of 
plans for the future development of the 
University. Mr. Taylor outlined the 
long-range building program of the Univer- 
sity and cited many fine current and future 
projects designed to increase the service 
of the University to the State. 

Fred L. Plummer, District 4 Vice- 
President, announced that the Ohio State 
Student Branch of the A.W.S. had been 
recognized by the National Society as an 
active Chapter The A.W.S. Student 
Branch which was inactive during the 
War was authorized to operate under its 
original charter which was granted in 
1940. The O.S8.U. group was the first 
student branch chartered by the A.W.S. 
Mr. Plummer introduced Paul R. Hill, 
Student Chairman, James M. Sellers. 
Walter A. Anderson, Jr., and Edward H. 
Harwart, newlv elected officers of the 
student branch. 

O. B. J. Fraser, Ist Viee-President of the 
A.W.S., the principal speaker of the 
evening, spoke on “The Future of Weld- 
ing and the Awertcan WrLDING Soctery.” 
Mr. Fraser is the Assistant Manager of 
the Development and Research Division 
of the International Nickel Co. and is 
located in New York City. Mr. Fraser 
joined the International Nickel in 1917 
and has held a succession of increasingly 
responsible posts in that organization 
Mr. Fraser is a member of many important 
national teehnical committees of the 
A.W.S., the American Society for Testing 
Materials, American Society for Metals, 
and many other 
Fraser is recognized internationally as an 
authority on the applications of niekel- 
illov: steels. 

The inereasing place of welding on the 
industrial scene was pointed out, and Mr 
Fraser drew upon his wealth of experience, 
to illustrate the necessity for a unified 
attack on the problems associated with 
the welding industry. Mr. Fraser stated 
that in 1947 there was more than 306 
million dollars spent in the United States 
on welding supplies and equipment alone 
and that the welding sales index showed 
more than twice the increase of the Federal 
Reserve Board index of Industrial Pro- 
duction between the period 1935-39 and 
1947. Mr. Fraser described the benefits 
of a strong technical society in furthering 
the interests of manufacturers and users of 
welding equipment. 

The last two meetings of the Columbus 
Section have been a tremendous success 

The Columbus Section cooperated with 
the Ohio State University in their Tenth 
Annual Welding Conference which was 
real success. A meeting of all the chair- 
men of Ohio Sections as well as some 
University Officials was held to make 
plans for the Eleventh Annual Welding 
Conference. Dates and details will be 
released at a later date 


organizations. Mb 
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Dayton 


The Eleventh Tri-Chapter all-day meet- 
ing, in conjunction with the American 
Society for Metals, was held on Wednes- 
day, April 20th, at the Engineers Club 
of Dayton. Subject of this meeting was, 
“The Metallurgy of the Joining of 
Metals.”’ Speakers included Gus Hog- 
lund of the Aluminum Company of Ameri- 
ca, who spoke on “Brazing—Aluminum 
Brazing’; Roger J. Metzler, Develop- 
ment Engineer, Handy & Harman, who 
spoke on ‘“Brazing—All Other Types.” 
“Welding Rods’ was the subject pre- 
sented by E. H. Turnock of the Westing- 
house Electric Corp. ‘“‘Inert Are Weld- 
ing’ was H. T. Herbst’s subject of The 
Linde Air Products Co. ‘Are Welding 
Design, Fabrication and Construction” 
was LaMotte Grover'’s subject. Mr 
Grover is connected with Air Reduction 
Sales Co. “Hard Facing’ was G. E 
Wilson's subject of Haynes Stellite Co; 
and John D. Gordon, Vice-President, 
and General Manager of Progressive 
Welder Co., spoke on “‘Design for Resist- 
ance Welding.” 


Detroit 


double-barrelled program featured 
the April Sth meeting in which Prof 
Creutz, Cyclotron Project) Adminis- 
trator, Department of Physics, Carnegie 
Institute of Technology, presented a 
movie of the welding operations on Cyclo- 
tron coils at the Brooklyn Navy Yard, 
and Sterling S. Sanford, Heating, Ven- 
tilating and Air Conditioning Engineer, 
The Detroit Edison Co., presented the 
“Heat Pump,” or heating and cooling 
with electric refrigeration. 

Prot. Creutz’ movie was both interesting 
and instructive and his comments added 
just the right touch in pointing out the 
unusual features which might otherwise 
have been missed in this unusual use of 
brazing and welding. The colored film 
showed the preparation of the special 
bus, and its subsequent brazing. In the 
20-ft. diameter stainless-steel container, 
10 welders operated simultaneously to 
equalize stresses. Views were also shown 
of the moving of the 120-ton precision 
machined steel forgings which go into the 
1500-ton Cyclotron. The actual machin- 
ing operations were also shown. 

\ little apart from welding was Sterling 
Sanford’s talk on the “Heat Pump.” 
This subject which has received national 
publicity recently was given a little ration- 
alizing by Mr. Sanford. Using slides of 
graphs and charts to illustrate his talk, he 
told how the refrigeration evcle could be 
used to heat and cool and its physieal and 
cost limitations, particularly in this 
section of the country. 

No subject presented this year was 
received as well, if the discussion period 
which followed is the proper criterion. 


Indiana 
April 22nd dinner meeting was held 
at the Franklin Country Club, Franklin, 


Ind. R. T. Humphrey, General Mana- 
ger, Mouldings, Ine., presented a problem 
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to the Section of projection welding studs 
to a thin sheet of stainless steel to leave 
no marking. Several suggestions were 
given which Mr. Humphrey said he would 
try. 

Technical speaker was Mr. Hadley, 
Engineer, Etna Machine Co., Toledo, 
Ohio. Mr. Hadley spoke on the subject 
of “Continuous Forming and Welding of 
Steel Tubing.”’ A film on the same sub- 
ject was shown in conjunction with the 
talk. 

An inspection trip was made through the 
Franklin Plant of Noblett-Sparks, The 
plant was in operation on the muffler line 
with particular interest stressed on the 
welding operation. 


Kansas City 


The scheduled speaker for the February 
24th meeting was unable to be present. 
\ general eode discussion by the Hartford 
and Ocean inspectors took place instead 
As an added attraction a film on fishing 
and football was shown. 

The March 10th meeting held at the 
Ad Club, had as its technieul speaker, 
Patrick J. Patton, Regional Manager, 
Ransome Division, Worthington Pump 
and Machinery Co. Mr. Patton spoke 
on “Positioning for Welding.” 


Lehigh Valley 


A. Amirikian of the Bureau of Yards 
and Docks, Navy Department, was the 
guest speaker at a joint meeting of the 
American Society of Civil Engineers and 
the Lehigh Valley Section of the A.W.S., 
which was held Monday, April 4th, at 
the Hotel Bethlehem, Bethlehem, Pa 
C. L. Kreidler, Chairman, presided. One 
hundred members and guests attended 

Mr. Amirikian is the head Designing 
Engineer and Technical Consultant for 
the Bureau of Yards and Docks. He 
gave a very interesting illustrated talk 
on “Future Developments in Welded 
Steel Buildings.’ 

Mr. Amirikian discussed the investiga- 
tions made by the Bureau in the designing 
of welded structures He told of the 
designs and new methods of fabrication 
developed by the Bureau which can be 
used to greut advantage of buildings as 
well as floating structures. 

A dinner meeting preceded the technical 
session, at which time, Guy F. Reinert, 
Boyertown, Pa., gave a talk on “Cover- 
lets.’ Mr. Reinert showed colored slides 
of the Coverlets which he has found to 
exist throughout Pennsylvania 

The Lehigh Valley Section held its 
Annual Meeting and Ladies Night on 
Monday, May 2, at the Hotel Bethlehem. 

C. L. Kreidler, Chairman, presided at 
the meeting. Harry W. Pierce, Assistant 
to the President of the New York Ship- 
building Corp., Camden, N. J., and 2nd 
Vice-President of the A.W.S., gave an 
interesting talk on a ‘Tour of the Japanese 
Empire.” He told of the modes of living 
and the problems of transportation as he 
found them during a recent visit to Japan 
The Section was pleased to have Dr. G. E 
Claussen, Vice-President, A.W.S. District 
2, attend the meeting. Refreshments 


and dancing followed with the members 
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“WELD 
SECURELY” 


Do YOU Specify your welding 
requirements this way? 


Do you know what the welding 
requirements are for bridges, build- 
ings, piping, storage tanks, pressure 
vessels or whatever your type of 
fabrication ? 


This information, necessary for 
solving your practical, every-day 
welding problems, will be found in 
the standards issued by the Ameri 
can Welding Society 


Are You 
a Designer? 
a Welding Engineer? 
a Welding Operator? 


or engaged in any other capac- 
ity as a Purchasing Agent, 
Salesman or Administrative 
Executive? 


Then you should know what the 
material, filler metal, design, work 
manship, inspection and qualifica- 
tion requirements are for different 
products and structures. You 
should be familiar with the stand 
ard welding nomenclature and 
welding symbols used in everyday 
welding conversation and corre- 
spondence, in technical articles and 
in contract specifications and regu- 
latory requirements. 


If you are not already familiar 
with the codes, standards and speci- 
fications of the American Welding 
Society as well as the educational 
books, ask the Technical Repre- 
sentative (Liaison Officer) of your 
Local Section for a free copy of 
Bulletin 101 describing these pub- 
lications. Also ask about the spe- 
cial discounts to members. If you 
prefer, write directly to AWS Head- 
quarters. 


It is easy to keep informed 
through American Welding Society 
technical publications. 


They will help you. 
Use them! 


1949 


Profit from the experience of a 
large southern producer of gal- 
vanized and light-metal fabrica- 
tions. This company found it could 
do a better job on a six-story gal- 
vanized ventilator stack — saving 
both time and money — by weld- 
ing with Ampco-Trode 10. 


The stack made of 11- 
gauge galvanized iron. Welding 
(in preference to riveting) saved 
time and metal weight. Using 1” 
Ampco-Trode 10 electrodes (in 
preference to steel) gave them 
four additional advantages: 


was 


All sub-assemblies of this 
6-story galvanized iron 
ventilator stack were posi- 
tioned for welding and 
turned toward welder. The 
operator held electrode 
slightly off-center in die 
rection of rotation. 


Burn-off of the coating ad- 
jacent to the weld was held 
to a minimum. The 
deposit itself is rust-proof. 


weld 


The braze-welded bond is as 
strong and the 
galvanized iron base-plate. 


ductile as 


Undercutting and resulting 
weaknesses were eliminated. 
No back-up strip was re- 
quired. The low melting 
point of the weld metal gave 
penetration sufficient to pro- 
duce a small, uniform in- 
side bead for a sound weld. 


Other Ampco bronze electrodes such as Phos-Trode and 
Sil-Trode can also give you simple, successful welds (smooth, 
free from pitting and porosity) on galvanized pipe, depend- 


ing on your service requirements. 


Ask your Ampco distribu- 


tor for his recommendations on your specific needs today, 


FRE E! Complete information on 


Ampco-Trode welding electrodes! 


Name 


Company 


Please send me a free copy of 8 pp. Bulletin W-17, 


Street Address 


Sold in Principal Cities by Leading Distribytorg 


Ampco Metal, Inc. 


Dept. WJ-6 « Milwaukee 4, Wisconsin 


West of the Rockies it’s the 
Ampco Burbank Plant, Burbank, Calif. 


Position 


State 


; 

| bod Wolds on galvanized metal a 
ore quick and easy with Ampc? -Trode 10 | : 
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Lehigh Valley Annual Meeting and Ladies Night. Seated left to right: J. R. 
Fairhurst, H. W. Pierce, Q. E. Charlesworth. Standing: C. L. hreidler, G. E. 
Claussen, Julius Naab. 


and their ladies having a very enjovable 
evening. The committee in charge of 
arrangements consisted of Q. E. Charles- 
worth, J. R. Fairhurst and L. P. Elly. 

The following officers were installed for 
the 1949-50 season. 

Chairman —Q. FE. Charlesworth, Bethle- 
hem Steel Co.; Vice-Chairman—J. R. 
Fairhurst, Ingersoll-Rand Co.; Secretary- 
Treasurer Julius Naab, Ingersoll-Rand 
Co.; Past Junior Chairman C.L. Kreidler, 
Lehigh Structural Steel Co.; and tnstalled 
as Directors for 3 years--R. D. Stout, 
Lehigh University, and A. T. Bavaria, 
Lincoln Eleetrie Co. 


Los Angeles 


The Los Angeles Seetion held its April 
meeting, Mcouday noon, April 11th, in the 
Galleria Room of the Biltmore Hotel. 
This meeting was also the opening day 
luncheon for the Western Metals Con- 
gress which was supported by a program of 
eighteen technical sessions and six panel 
discussions provided by the Los Angeles 
Section, 

Welcoming address was made by Earl 
V. Grover, President, Los Angele®#Cham- 
ber of Commerce. Mr. Grover is also 
President of a major local steel fabricating 
plant 

Toastmaster ship was brilliantly executed 
by Prof. Gilbert Schaller, Western District 
Vice-President, A.W.S. Two past na- 
tional officers were present, L. W. Delhi, 
Past-President, and C. P. Sanders, past 
district Vice-President. 

Joe Magrath, Executive Secretary, 
A.W.S., was the luncheon speaker. He 
discussed A.W.S. organizational activities 
at the national level, Disclosed also were 
plans for reorganization nationally and 
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locally so as to provide development in the 
scope of activities and increase the mem- 
bership of A.W.S. Particular emphasis 
was placed on the need for added partici- 
pation of industry in A.W.S. Following 
this inspiring talk, meeting adjourned for 
participation in the five-day program of 
technical sessions 


Louisville 


C. O. Hoglund, Welding Engineer, 
Aluminum Company of America, New 
Kensington, Pa., was the guest speaker 
at the April 26th meeting held at Preston 
Kunz Restaurant, Louisville, Ky. Mr. 
Hoglund spoke on “Present-Day Alumi- 
num Welding’ and discussed develop- 
ments since he talked to the section on a 
similar subject four years ago. 

Mr. Hoglund brought out the different 
problems in welding on heat-treatable 
alloys as compared with nonheat-treatable 
allovs. He gave facts and data on the 
welding of different thicknesses of alumi- 
num and compared the relative economy 
of the electric are method and the inert 
gas method. The advantages ot brazing 
was explained for certain kinds of alumi- 
num weldments. Lantern slides were 
used in connection with the talk and a 
variety of aluminum welded samples 
were on display 

After a discussion period the meeting 
was followed by a Duteh Lunch. 


Michiana 


The Michiana Section held its April 
meeting on the 21st at the Bendix Legion 
Hall, South Bend. The speaker was one 
of the Section’s experts, A. B. White, 
Welding Engineer at the Clark Equip- 
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ment Co., Buchanan, Mich. His subject 
was “The Are Characteristics of Motor- 
Generator and Transformer-Type Are 
Welders."” The talk was a very informal 
discussion of the characteristics of both 
types of welders, which pointed out the 
basie reasons behind the behavior of 
these machines. In other words, good 
are welders know what to do to make these 
machines produce the type of are required 
but this talk showed them why 

The talk was based on the voltage-am- 
pere relationships in the circuits and 
showed how these were varied by chang- 
ing settings on the machines. Mr 
White illustrated his talk with chalk 
drawings which brought out the char- 
acteristics very satisfactorily. 

An interesting film on “Fishing in 
Idaho” 


was also shown 


Milwaukee 


The Milwaukee Section enjoyed an 
excellent talk by Anthony K. Pandjiris 
of the Pandjiris Weldment Co., St. Louis, 
Mo., at the April 22nd meeting held at 
the Ambassador Hotel. He devoted his 
time to a discussion of the necessity for 
cooperation between the design engineer, 
the shop welding foreman and the opera- 
tors to obtain the maximum advantage 
from welding. A general outline of the 
proper approach to the design of a new 
weldment was discussed with emphasis 
on determining what loads and stresses 
are to be expected. 

The necessity for stress relief under 
certain conditions was mentioned and 
the method of low-temperature stress 
relieving by heating with a torch was 
explained. 

A movie of various types of fishing, 
ranging from wading streams in search of 
the elusive trout to deep sea fishing for 
tuna and martin, followed the buffet 
supper. Evidently the idea of a buffet 
style meal appealed strongly to the mem- 
bers, as nearly one hundred were present 


Nashville 


The Nashville Section had the pleasure 
of hearing James F. Lincoln, President ot 
The Lineoin Eleetrie Co., speak at their 
April 27th meeting. He gave a very fine 
talk on the subject of “Habit and Its 
Effect on the Progress with the Human 
Race.’ In light of this, he discussed the 
problems with which are welding has been 
confronted as to its general acceptances 
and development. 

After his talk Mr. Lincoln was con- 
fronted with « variety of questions which 
he answered very capably. Everyone en- 
joved his visit very much. 

There was an attendance of about 
seventy including a great many visitors 


New Jersey 


At the reeent “Stump the Experts 
program, held in the Engineering Socic- 
ties Building, New York, April 13th, the 
New Jersey Section competed with the 
Bridgeport, Philadelphia and New York 
Sections New York and New Jersey 
were tied for first place, whereupon the 
New York Section, acting as host of the 
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Straightening frame weltk 
ments for TD-24 diesel tractors 
with a 200-ton H-P-M two-way 
press at International Harvester’s 
Chicago Plant. 


JUNE 1949 


The Most Versatile Machine 
Ever Built For Straightening 


Weldments- 


Everyone knows that material handling on straightening 
jobs is costly. When International Harvester found it 
necessary to straighten diesel tractor “A” frame weldments 
at several points, they asked H-P-M to design presses which 
would do the job without moving the part once it was posi- 
tioned on the press bed. The answer was the new H-P-M 
two-way press which has cut straightening costs to the bone! 

IHere’s how it works press bed is stationary and the 
entire cylinder and ram assembly can be electrically traversed 
horizontally along the bed and also transversely between the 
pairs of strain rods, The result... . . straightening pressure 
can be applied at any point on the pressing area of the bed. 

Do you have straightening operations where pressure must 
be applied at more than one point on the part? If so, this 


press will save you real money. Call 


in a nearby H-P-M_ engineer to ex- 
plain its many time saving advantages. 
Write today. 


THE HYDRAULIC PRESS MFG. COMPANY 


1982 Marion Rood Mount Gilead, Ohio, U.S.A 


HYDRAULIC MACHINERY NS” puMPs © VALVES MOTORS | 
Revolutionizing Production with AMydrautics Since 1877 


evening, conceded the contest to New 
Jersey. 

At the regular monthly meeting for 
April held on the 19th at Essex House, 
Newark, N. J., O. R. Carpenter of the 
Babeock & Wilcox Co., Barberton, Ohio, 
spoke on the “Control and Inspection of 
Alloy Welding.”” This was a most infor- 
mative talk deseribing the procedures 
involved in maintaining quality control 
of welded high-pressure equipment. 


Vew York 

After a futile attempt to break the tie 
with the team from the New Jersey Sec- 
tion, the New York Section as host con- 
ceded victory to New Jersey in the Battle 
of the Sections held on April 13th. The 
spirited competition from the other teams 
in the battle represented by Philadelphia 
and Bridgeport made the meeting one of 
the most interesting of the year. J. 
Lyell Wilson of the American Bureau of 
Shipping kept the meeting moving and 
all contestants happy in his role as modera- 
tor. Questions, both humorous and of a 
heckling nature, as well as comments from 
the audience to supplement the replies of 
the team members, made the meeting an 
informative one for all. 

Judges for the battle were J. R. Skibo 
representing the Bridgeport Section; 
Harry W. Pierce, Vice-President District 
2, representing the Philadelphia Section, 
and A. W. Steinberger representing the 
New Jersey Section. The Bridgeport 
team consisted of M. P. Bennett, J. R. 
Mitchell and L. F. Boch. The winning 
team was presented with a handsome 
leather portfolio suitably imprinted in 
gold for use by the Section Secretary. 

New Jersey representatives were O. T. 
Barnett, K. H. Koopman and R. M. 
Wilson, Jr. Members of the Philadelphia 
team were O. C. Fredericks, Walter 
Mehl and A. J. Raymo. New York 
was represented by A. B. Kinzel, A. N. 
Kugler and E. Vom Steeg, Jr. The com- 
mittee in charge of arrangements for the 
New York Section was G. L. Baker, 
W. L. Mitzenius, FE. B. Stolle and 8. T. 
Walter. 


Niagara Frontier 


The following officers and Executive 
Committee have been appointed for the 
vear 1949-50. 

Chairman —Ogden C. Mills, Mills Weld- 
ing Supply Co., Ine., Buffalo; Vice- 
Chairman—Frederick V. Schilling, West- 
inghouse Electric Corp., Buffalo; Secre- 
tary -William J. Goodwin, Union Car- 
bide & Carbon Res. Labs., Inc., Niagara 
Falls; Treasurer Robert Siemer, Buffalo; 
Chairman, Membership Committee—Isa- 
dore Morrison, Morrison Steel Products 
Co., Buffalo; Chairman, Program Com- 
mittee Lyster Frost, Union Carbide 
and Carbon Res. Labs., Inc., Niagara 
Falls; Executive Committee—1 year 
W. H. Swift, BE. L. Frost, P. E. Gardner, 
0. C. Mills, W. J. Goodwin; 2 years—F. 
Kovacsev, F. V. Schilling, Fitch Cady, II, 
k. M. Galbreath, F. J. Weiss; 3 years 
Peter H. Bos, G. Handyside, J. E. Sum- 
mers. All past chairmen still living and 
active in Society are ex-officio members. 
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Approximately 80 members and guests 
were present for the final technical session 
of the season held at the Hotel Touraine, 
Buffalo, N. Y., on April 21st. 

It was “Stump the Experts” night, with 
Clarence E. Jackson, Technical Commit- 
tee Chairman, serving as moderator. 
B. Grimes, C. Freeman, C. H. Jennings, 
R. T. Breymeier, J. E. Ponkow and W. W. 
Webb served on the board of experts, 
and stood up well against a steady barrage 
of questions from the audience as well as 
from Mr. Jackson. The session was 
exemplary from most every standpoint, 
since members learned about the prob- 
lems of their co-workers, secured knowl- 
edge of how similar problems were solved 
by others, and left the meeting in high 
spirits, ready to tackle most any welding 
problem which could come along. 

The results of the annual election of 
officers and directors were announced at 
this meeting. 

A team composed of C. H. Jennings, 
C. E. Jackson, A. R. Lytle and J. E. 
Ponkow, participated in the “Stump the 
Experts” night held at the May 2nd meet- 
ing of the Toronto Chapter, Canadian 
Welding Society. They competed with 
other teams composed of Canadian and 
British experts. Although they lost to 
the Canadian team by a very close margin, 
international friendships were cemented 
and the Section is looking forward to a 
visit from the Canadians in the future. 

The March 17th meeting was held in 
conjunction with the Institute of Archi- 
tects and the Society of Civil Engineers 
Chapters. Frederick H. Dill, Welding 
Engineer, American Bridge Company, 
Ambridge, Pa., spoke on “Structural 
Welding.” 


Northern New York 


The March meeting was held on the 
24th at the Danish Hall in Schenectady. 
Simon A. Greenberg, Technical Secretary 
of the A.W.S. and Editor of the Welding 
Handbook, was the principal speaker. 
The subject of his talk was ‘Advantages of 
Membership in the American WELDING 
Society.’’ The meeting was preceded by 
a dinner at Ferro’s Restaurant which was 
attended by the Executive Committee, 
and all committee chairmen. A_ short 
business meeting was held immediately 
following the dinner, after which some of 
the problems of Section operation were 
discussed with Mr. Greenberg. 

The April meeting was held on the 
28th at the Stanley Club in Pittsfield, 
Mass. Roger W. Tuthill of the A.-C. 
Are Welder Division of the General 
Electrie Co., at Holyoke, Mass., was the 
principal speaker. The subject of his 
talk was “Inert Are Welding.” The 
meeting was well attended by a total of 
about 42 individuals, which included many 
from Schenectady and Troy. 


Oklahoma City 


Dinner meeting was held on Thursday, 
April 7th, at the Huckins Hotel, Oklahoma 
City. W. J. Poehiman of A. O. Smith 
Corp., Director of Speetrographic Re- 
seareh Laboratory, acquainted those of 


Section Activities 


the welding field with the great commercia) 
value of the spectrograph in controlling 
welding and weld materials. The neces- 
sity of these factors, as an inspection tool 
in the present great demand for increased 
production, and the simplicity of their 
procedures, were discussed. Mr. Poehl- 
man’s talk, complete with slides and 
movies, was extremely interesting. 


Pascagoula 


The April 6th meeting was held at the 
Pascagoula Country Club, Pascagoula, 
Mississippi. A. B. Tesman, Welding 
Engineer, North American Phillips Co., 
presented a practical talk on the applica- 
tion of the new Contact Electrodes 
This is a new type of electrodes super- 
heavily coated with mineral coatings for 
use semiautomatically or by manual 
torch welding, (dragged) in all positions. 
This results in more efficient higher speed 
welding of a higher quality than with 
standard electrodes. These have been 
in use in Europe for some time and are now 
being made in the United States. 


Philadelphia 


At the regular monthly meeting held 
on April 18th, the following officers wer 
elected to serve for the following year 

Chairman D. T. Berg, Areway 
Equipment Co.;  Viee-Chairman—O, C 
Fredericks, General Eleetrie Co.; Treas- 
urer— FE. R. MeClung, Jr., Lukens Steel 
Co.; Secretary -R. A. Guenzel, Southern 
Oxygen Co., Ine., and Executive Committee 

Term expires 1952: R. D. Bradway, 
New York Shipbuilding Corp., J. 3 
Douglass, The Linde Air Products Co., 
J. R. Burg, Baldwin Locomotive Works. 
Term expires 1951. (Replace FE. FE 
Goehringer, resigned) L. F. Kirkley, Air 
Reduction Sales Co. 

At this meeting was presented a sym- 
posium on Stud Welding. Representa- 
tives of equipment manufacturers told 
three ways to do Stud Welding. 

Graham Stud Welder was presented 
by L. D. T. Berg of Areway Equipment 
Co.; Nelson Stud Welder was presented 
by R. C. Singleton of Nelson Stud Welder 
Co. and Resistance Stud Welder was pre- 
sented by James Cooper of Areway Equip- 
ment Co. 

Each of the above methods of Stud 
Welding was outlined and presented by 
the speaker and was then thrown open to 
discussion from the floor. 

The presentation of these methods at 
the same meeting helped to locate each 
process in the particular field in which it 
is most adaptable. The variety and 
range of work covered by stud welding 
made this a most interesting meeting 


Puget Sound 


Forty-two members and guests of the 
Puget Sound Section met at the Benjamin 
Franklin Hotel in Seattle on April 25 for 
the regular monthly dinner meeting and 
to greet Joe Magrath, national Executive 
Secretary. 

Mr. Magrath’s report on the aims of 
the Society and his suggestions for Sec- 
tion betterment was enthusiastically re- 
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you can BE SURE.. 
Westinghouse 


Over 50 impartial tests have proved that the new 
FP-2 (6012) electrode ... gives better welds with 
hotter stubs . . . is better for and “drag” 
welding ... gives a flatter bead... and has less 
undercut than any electrode you have ever used, 
That’s why it’sa... 
High-speed production tool... one you can burn 
with higher amps—until the stub is red-hot—and 
get good sound welds free of slag pits and gas 
pockets. And you can... 
“Drag” it or ‘skip’ it because the wire melts 
away faster than the heavy coating to form an 
inverted flux cup that’s full of molten metal. 
What's more, the FP-2 is an... 
All-position a-c—d-c electrode for easier, faster. 
better welding with all types of welding ma- 
chines. Use it once and you'll be convinced. 
For full details on the new FP-2, send for Page 
29.1 (Catalog 26020). Westinghouse Electric 
Corporation, P, O. Box 868, Pittsburgh 30, Pa. 
1-21526 


1949 


ana, Wh sts 
Holl 
It’s the new FP-2 electrode | 
| 
/ CORE 7 
COATING | 


ceived and he was asked many pertinent 
questions at the close of his talk. 

Messrs. Schaller, Crawford and Long 
reported on their visits to the Western 
Metal Congress. 

Member Myron D. Stepath, Welding 
Supervisor, Puget Sound Naval Shipyard, 
gave his illustrated paper on Are-Air 
Cutting and Gouging, which he had 
recently given at the Western Metal 
Congress. The paper proved very inter- 
esting and educational and brought out 
many questions and suggestions during 
the discussion period following the talk. 

A total of forty-nine was present for the 


talks. 


Rochester 


The March meeting was held on the 21st 
at the University of Rochester. 

Jack Sorensen, Superintendent of 
Vacuum Equipment Division, Distillation 
Products, Rochester, N. Y., spoke on 
‘Welding Technique Used on Vacuum 
Equipment."’ He was assisted by Walt 
Statucki, Welding Supervisor of the 
Company. 

Mr. Sorensen displayed some of the 
products of his company and explained 
how welding had overcome difficulties in 
construction, and made practical the use 
of metals where only glass had been used 
before. 

The open discussion after his presenta- 
tion testified to the interest shown in his 
subject, “Unfinished Business,” a movie 
produced by United States Steel, was an 
added attraction, 

The April IS meeting was addressed by 
Clayton B. Herrick, Editor of Industry 
and Welding magezine. Mr. Herrick 
talked on maintenance welding in some 
of our larger industries such as packing, 
rubber brewing, drug and chemical. He 
explained the personnel, equipment, and 
procedures used by these companies in 
repairing and revamping the machines 
that keep production Slides 
were used to illustrate his subject. 

A sports and travel film was shown 
through the courtesy of Welding Supply 
Co., Rochester. 


moving 


San Francisco 


J. G. Magrath, Executive Secretary of 


the A.W.S., predicted a bright future fo: 
welding, before the April 18th meeting 
of the San Francisco Section, held at the 
Engineers Club. 

Calling for “support of your Section, 
which is the unit of strength in the 
Society’s battle against misrepresentation, 
procrastination and prejudice against 
welding,” Mr. Magrath pointed out that as 
recently as 1910 “‘welding at its best was 
a good trick if you could do it.” In 
1929, he said, “welding became an art, 
and in 1926 an art and seience.”’ He 
predicted that soon the method of joining 
will stand established as a science. 

Principal speaker at the dinner meeting 
was John J. Chyle, Director of Welding 
Research for the A. O. Smith Corp. Mr. 
Chyle discussed metal are welding of 
alloy steels, stressing importance of 
proper heat treatment in achieving high- 
tensile strength. He emphasized neces- 
sity for test of procedure and operator 
qualifications in welding of hot-rolled, 
high-tensile steel, adding that details must 
be specified for uniform results. “*Design, 
is a factor of considerable importance in 
fabrication of high-tensile steels,” he said. 


Toledo 


The Toledo Section held its last regular 
technical meeting of the 1948-49 season 
on Wednesday, April 13th in the Commo- 
dore Perry Hotel. 

Clayton B. Herrick, Editor of Industry 
and Welding, talked on “How Is Your 
Maintenance Welding?” 

The speaker endowed with a very radiat- 
ing personality is full of enthusiasm about 
things pertaining to welding. First he 
gave a short history of his magazine and in 
particular an explanation why the same 
issue uses three different covers in’ as 
many parts of the country. 

His talk on maintenance welding was 
based on information gained on personal 
visits of many plants throughout the 
country. He found that a good many 
plants employ highly modern and = spe- 
cialized methods for maintenance repair 
by welding. 

Slides which he used in his talk were 
extremely educational and told a clear 
story of the interest and importance given 
this method to keep plant machinery in 
good running order. 


Western Massachusetts 


On Tuesday, April 26, the Western 
Massachusetts Section held an organiza- 
tional meeting to prepare for the coming 
year and to plan the final May meeting 
of the present vear. Assistant Professor 
C. A. Keyser of the University of Massa- 
chusetts accepted the Chairmanship of 
the Program Committee for the next 
season. It was agreed to contact all 
members regarding their preference as to 
time and place of meeting, subject and 
entertainment. Frank Taft and James 
Flaherty were appointed to handle the 
executive membership drive. 

The following officers and committee 
chairmen have been elected for 1949-50. 


Chairman—-R. W. Tuthill, General 
Electric Co.; Seeretary —C. A. Keyser, 
University of Mass.; Treasurer -James 


W. Flaherty, Dyers Welding Equipment 
& Supply Co., and Executive Committee 

Sidney Low, Theodore Morrisette, Ro- 
dolphe W. Gamache and Norman Randall 


Wichita 


Merrill Rosengren, Metallurgical 
and Sales Engineer, Stearns-Roger Mfg 
Co., Denver, Colo., was the speaker at the 
April [8th meeting. Mr. Rosengren spoke 
on the subject “Flame Hardening—-Its 
Principles and Applieation.”” He is thor- 
oughly familiar with his subject and pre- 
sents it unusually well and is a very inter- 
esting speaker. Slides and a film “The 
Denver Flame Hardener’? were shown in 
conjunction with the paper 


Worcester 


Annual Meeting of the Worcester Sec- 
tion was held on April 27th at Svea 
Gille, Shrewsbury, Mass. Thomas Dowd, 
Traveling Secretary of the Boston Red 
Sox, gave a very interesting talk on 
baseball and showed a film of the 1948 
World Series. \ good time was had by 
all. Dinner Smorgasbord 
and free beer 


consisted of 


Employment 
Service Bulletin 


Services Available 


A-578. Welding Engineer. B.S. in 
Met.E. Age 32. Last three years in 
sales, sales promotion, application, and 
development of welding electrodes. Con- 
siderable field sales work and numerous 
contacts among leading electrode users 
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and makers. Written sales literature and 
technical articles for publication and given 
talks to A.W.S. chapter meetings. 10 
years’ experience in development and ap- 
plication of welding electrodes, welding 
and general metallurgy. Prefer sales or 
technical sales work 


Civil Service Examinations 


The Board of U. 8. Civil Service Ex- 
aminers, U. S. Naval Training Center, 
Great Lakes, Il., has issued an examining 
circular Vo. EC-?-1 4-1, deseribing posi- 


Employment Service Bulletin 


tions available for Physical Science Ad- 
ministrators, Research Contract Adminis- 


trators and Scientific Research Adminis- 
trators. Salaries range from $5232 to 
$7432. 

Research Contract Administrators plan, 
review, negotiate and administer research 
contracts between the Office of Naval Re- 
search and educational and other research 
institutions, 

The Scientific Research Administrators 
plan, direct, appraise, coordinate and ad- 
vise on the scientific work of individuals 
and laboratories conducting research under 
ONR contracts. 
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TENTATIVE P 


ROG RAM 


30th Annual Meeting 
week of October 17, 1949 


CLEVELAND HOTEL, CLEVELAND, OHIO 


® Welding and cutting demonstration will be featured at the National Metal 


Exposition held during the week in the Cleveland Public Auditorium 


TECHNICAL SESSIONS 


$s papers are ur 
meeting and to send cor 


preference at the sess 


ng should forward a writter 


MONDAY MORNING, OCTOBER I7th 


STRUCTURAL DESIGN 
Chairman GROVER 
Air Reduction Sales Co. 
Co-Chairman —F. L. PLUMMER 
Hammond Works 

Design and Construction of a Modern 
Welded Deck Girder Highway Bridge 

by NED L. ASHTON, State University of 
lowa 

Economical Design of Welded Build- 
ings 

by ROBERT E. ROBERTSON, Saxe, 
Williar & Robertson. Engineers and 
Consultants 

Proposed Design of Welded Rigid 
Frames for New York Subways 

by MARTIN KORN, Consulting Engi 
neer 

A Strain Gage Test and Analysis of an 
Eighty-Foot H-Section Welded 
Truss 


by A. WAIDELICH, The Austin Co 


June 1049 


Three Simultaneous Sessions 


PRESSURE VESSELS 


A.C. WEIGEL 
Combustion Engineering-Superheafer, 
Inc 


Chairman 


Co-Chairman —G. VM. TREFTS 
Farrar & Trefts, Inc 


Importance of Design in Construction 
of Tanks and Pressure Vessels 


by WALTER SAMANS, Sun Oil Co 


Trends in Fabrication by Welding 
by S. V. WILLIAMS, Struthers-Wells 
Corp. 


Inert-Gas-Shielded Are-Welding \lu- 
minum Pressure Vessels 

by A. J. HOPPER, Welding Engineers, 
Ine 


Notch Sensitivity of Mild Steel Plates 
by A. B. BAGSAR, Sun Oil Co. 


Tentative Program 


HARD FACING AND FLAME 
HARDENING 
Chairman —R. P. TARBELL 
Scott-Tarbell, Lue 


Co-Chairman —G. H. MEYER 
he Linde Air Products Co. 


Automatic Electric Hard Facing 
by TURNER G. BRASHEAR, National 


( tylinder Gas Co, 


Hot Hardness of Hard-Facing Alloys 
by HOWARD AVERY, American 
Brake Shoe Co, 


Hard-Facing Applications in the Steel 
Industry 


J. BARRY, Air Reduction Sales 


Flame Hardening of Large Diameter 
Rounds 
by S. SMITH. Air Reduction Sales Co 
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NONFERROUS METALS 
Chairman—O. B. J. FRASER 
The International Nickel Co. 
Co-Chairman G. FLOCKE 

The Thornton Co. 


Are Welding of Molybdenum 
by L. S. GOODMAN, Westinghouse 
Electric Corp. 


The Welding of High-Nickel Alioys to 
Other Metals 

by G. R. PEASE and H. B. BOTT, The 
International Nickel Co., Inc. 


Seam Welding Monel Metal to Steel 
by ERNEST F. NIPPES, ALLAN R. 
PFLUGER and GERALD M. 


SLAUGHTER, Rensselaer Polytechnic 
Institute 


Chairman —GEORGE N. SLEGER, 
esident 
American Welding Society 


SYMPOSIUM ON SHIP STRUCTURE 
RESEARCH 
Chairman — CAPT. C. M. TOOKE 
Bureau of Ships, USN 
Co-Chairman 
COMDR. R. D. SCHMIDTMAN 
U.S. Coast Guard 
Introduction 
by REAR ADMIRAL ELLIS REED- 
HILL, €.S.C.G. Chairman, Ship Strue- 
ture Committee 
The Work of the Ship Structure 
Committee 
Factors Influencing the Tensile Be- 
havior of Notched Flat Plate Speci- 
mens 
by PROF. S. T. CARPENTER and 
CAPT. W. P. ROOP, U.S.N. (Ret.), 
Swarthmore College 


Notched Bar Testing for Brittle 
Fracture 
by DR. CF. TIPPER, Cambridge 


University, England 
Tests of Slotted Steel Plates 
by E. M. MacCUTCHEON, C. L 
PITTIGLIO, David Taylor Model 
Basin, US.N., and R. H. RARING, 
National Research Council 
Further Study of the Navy Tear Test 
by NOAH KAHN and EMIL IM- 
BEMBO, New York Naval Shipyard 
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MONDAY AFTERNOON, OCTOBER lith 


Three Simultaneous Sessions 


EDUCATION 


Chairman —R. A. WYANT 
Rensselaer Polytechnic Institute 


Co-Chairman —GILBERT DOAN 
Lehigh University 


Welding in Engineering Education 
by R. S. GREEN, The Ohio State Uni- 
versity 


Formal Training of Welding Personnel 
by ALLEN C. TYLER, Acting Dean, 
LeTourneau Technical Institute 


Continuation of Study of Welding and 
Welding Processes 

by FRANK W. SCOTT, Marquette Mfg. 
Co., Tne. 


MONDAY EVENING 


AWARDS OF PRIZES AND MEDALS 
1949 ADAMS LECTURE 


TUESDAY MORNING, OCTOBER 18th 


Three Simultaneous Sessions 


RESISTANCE WELDING 


Chairman —T. EMBURY JONES 
Precision Welder & Machine Co. 


Co-Chairman —K. E. POWELL 
Western Electric Co. 


The Influence of Material Consump- 
tion Rates on Flash Welding Char- 
acteristics 

by WILLIAM N. PLATTE, Westing- 


house Electric Corp. 


Factors Affecting the Quality of Pro- 
duction Flash Welding 

by E. SIRABIAN, Arnold, Schwinn & 
Co. 

The Homopolar Generator Power 
System for Resistance Welding 

by JOHN D. GORDON, Progressive 
Welder Co. 

Cireuit Analysis of Frequency 
Changer Welders 

by W. kh. BOICE, General Electric Co. 


Tentative Program 


RESEARCH 


Chairman —ROSS YARROW 
Republic Structural [ron Wks. Co 


Co-Chairman —L. K. STRINGHAM 
The Lincoln Electric Co. 


The Statistical Part in Welding In- 
vestigations 

by B. B. DAY, Statistician, Director's 
Staff, U. S. Naval Engrg. Exp. Station 


Brittle Failure and Size Effect in a 
Mild Steel 


by K. J. STODDEN and E. P. KLIER, 
The Pennsylvania State College 


Weld-Peening Investigations 
by J. LYELL WILSON, American Bureau 
of Shipping 


Co-Chairman -M. S. SHANE. 
Chairman 
Convention Committee 


MACHINERY WELDING 
Chairman CHAS. JENNINGS 
Westinghouse Electric Corp 
Co-Chairman —L. 5. MePHER 
Whiting Corp 


Weldment Design and Engineering 
Practice 

by ANTHONY K. PANDJIRIS, Pand- 
jiris Weldment Co 

Welding of Alloy Steel Shovel Buckets 

by E. R. McCLUNG, Lukenweld, Inc 


Lowering Cost of Welded Construction 
by OMER BLODGETT, The Lincoln 
Electric Co. 
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SYMPOSIUM ON SHIP STRUCTURE 
RESEARCH 
Chairman—FINN JONASSEN 


The Committee on Ship Steel, National 
tesearch Council 


Co-Chairman—J. LYELL WILSON 
American Bureau of Shipping 


Distribution of Relative Ductility in 
Steel Weldments 

by L. J. KLINGLER and L. J. EBERT 
Case Institute of Technology 


A Study of the Various Bend and 
Tensile Specimens Used as Indices 
of Structural Performance and 
Weldability 

by C. B. VOLDRICH and P. J. RIEP- 
PEL, Battelle Memorial Institute 


Effect of Cyclic Stresses on Impact 
Transition Curve of Ship Steels 

by PROF. J. M. LESSELLS and H. E. 
JACQUES, Massachusetts Institute of 
Technology 


Axial Tension Impact Tests of Struc- 

tural Steels 

by W. H. BRUCKNER and N. M. 
NEWMARK, University of Hlinois 


APPARATUS 
Chairman —H. 0. HILL 
Bethlehem Steel Co. 


Co-Chairman —A. M. SETAPEN 
Handy & Harman 


Design Features of a Welding Genera- 
tor with Controlled Reactance 

by E. E. TISZA and J. M. TYRNER, 
Air Reduction Sales Co., and O. KO- 
BEL, G. D. Peters & Co. of Canada, 
Ltd. 


Measurement of Flux Densities in 
Steels for Magnetic Particle Inspec- 
tion 


by T. E. HAMILL, Naval Gun Factory 
Economical Arc Welding 


by S. OESTREICHER, Harnischfeger 
Corp. 
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TUESDAY AFTERNOON, OCTOBER 18th 


Three Simultaneous Sessions 


RESISTANCE WELDING 
Chairman—R. H. ABORN 


U.S. Steel Corp. 


Co-Chairman—R. T. GILLETTE 
General Electric Co. 


Spot-Weld Consistency Studies 
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and Projection Welding 
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by ROLAND H. OGDEN, Alladin Rod & 
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Brazing of Stainless Steel 
by C. H. CHATFIELD and A. W. 
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age Tanks 
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Co. 
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Q. I'm planning to install more 
machines, and my distribution lines 
are heavily loaded. Should | con- 
sider three-phase control? 


A. Yes, because it has low kva demand, plus many 
other advantages. However, it may be more economi- 
cal to solve your power supply problem another way 
—we'll be glad to help you. 


Le Q. Can three-phase control be used 
for different types of welding? 


A. It is used for spot, seam, projection, and gun 
welders, although we do not generally recommend it 
for the latter because it is usually economically un- 
justified. 


he Q. Where is it particularly useful? 


A. In welding aluminum. There is little tip pick up and 
consequently not much electrode cleaning required with 
three-phase control. 


| a Q. What is the difference between 


this system and the conventional 
single-phase system? 


A. Basically, the method of producing a weld is the 
same in both. However, by converting three-phase to 
single-phase, low-frequency power, there is less react- 
ance and lower kva demand. The bulletin gives more 
details. Now let's check the advantages shown at right. 


Hae you 
“This Is Resistance Welding” 


Generai Electric's MORE POWER TO AMERICA full-color mevie? 
Clearly describes and explains various types of welding—contains 
tips for improving production with this process. Ask your weld- 
ing distributor or the nearest G-E office for a showing. 
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ADVANTAGES OF G-E 
THREE-PHASE WELDING CONTROL 


1. high power factor 

2. three-phase, essentially balanced load 
3. low kva demand 
4 


« Only one, compact cabinet, machine 
mounted 


2999509 


- special features for easy servicing 


electronic heat control 


5 

6 

7. electronic weld timing—dial setting 
8. for seam, spot, or projection welders 


COME TO GENERAL ELECTRIC 


for information, for service, for equipment. 
You'll get unbiased answers to your questions 
about control for resistance welding . . . about 
the welding control for your installation. Write 
to-day for Bulletin GEC-491 on the new G-E 
three-phase control. 


G | Electric Company 
Apparatus Department, Section D645-49 
Schenectady 5, New York 


Please send me a copy of GEC-491 on three-phase welding control. 
Nome _..... 


Address 
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Fatigue Welded and Riveted 


» Welded trusses, if made with due consideration to design, 
materials and workmanship, are equal to riveted trusses 
in fatigue and superior to riveted trusses in static tests 


by Dr. C. Cerardini 


following principles governed the construction of these 
trusses. 


AREFULLY built riveted trusses designed with a (a) The members of the truss consist of flat strips 
factor of safety in fatigue of V, = 1.5 have suffi- assembled by fillet welds. 


cient strength under repeated loads. This state- (6) The members are butt welded to the gusset 
ment is amply supported by the good behavior of plates machined so as to avoid notches in the 
riveted structures of many types subjected to fatigue transition zone and on the surface of the welds. 
over several decades (c) The cross section of the members of the truss and 
In welded construction, which has developed only the shape of the gussets have been selected to 
since about 1935, trusses have not yet been designed provide continuous transmission of stress and 
with sufficient fatigue strength. Their weak point is to avoid stress concentrations. 
generally at the junction of the truss members at the (d) The cross section of the members and gussets 
gussets. Thus in 1934 and 1935 when this laboratory has been made as extended as possibie to mini- 
made fatigue tests on a welded truss, the fatigue mize secondary stresses resulting from the 
strength was found! to be about 14,200 psi. (zero to rigidity of the assembly. 
maximum tension.) (e) During construction every precaution was ob- 
Since then, there has been considerable progress in served to secure a first-class welded structure. 


welded design particularly in discarding ideas inherited 
from riveting.? Progress in Switzerland from 1935 to 


1944 in welded trusses has been shown by tests made at 
this laboratory on three test trusses in 1944 to 1946. 
By way of comparison tests (static and fatigue) also 
were made on two riveted trusses. 


THE TEST TRUSSES 


The design of Trusses I and II, which differed only in a 
few details, and of Truss III is shown in Fig. 1. The 


Translation of ‘‘LaRésistance a |'Endurance des poutres a treillis soudées 
et rivées’’ published in Journal de la Soudure, 38, 199-203, 228-231 (1948 


The author is scientific aide at the Fe oderal Testing Laboratories, Zurich, 7 i 
Switzerland. (Translated by Dr. G. E. Claussen, Chief Me tallurgist, Fig. I Welded t trusses 1 Nos. Ito MI. Dimensions in milli 
Reid-Avery Co. Baltimore, Md meters. Span, 19 ft. 8 in. 
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junctions using a Stoppani 

gage. 

(b) Rotations and deformations of 
the gussets using Stoppani 
and Huggenberger clinome- 
ters. 

(c) Stress distribution in the mem- 

bers using Huggenberger ten- 

someters in order tc determine 
the loads in the members, the 
stresses at the center of 
gravity,and the stresses along 


-~ 


the edges, or the principal 
Fig. 2 Riveted truss No. I} 
loads and secondary mom- 


ents, Fig. 3. 
(d) The stress distribution in the most interesting 
gussets, Fig. 4. 
(e) The zones of plastic deformation, using a special 
lacquer. 


The results of these measurements have been com- 
pared with calculated values. Truss I also was sub- 
jected to a load test in the plastic region and to a buckl- 
ing test. 

Fatigue tests were made with the aid of two special 
Amsler pistons, Fig. 5, actuated by two Amsler pulsators 


Fig. 3 Distribution of stresses (Kg./mm.) in the loaded 
trusses 


Type A trusses had cross-shaped members, while 
Type B had T- and I-shaped members. Riveted Truss 
1V was similar in all respects to welded Trusses I and II. 
The members consisted of two angles back-to-back 
placed symmetrically with respect to the plan of the 
truss, Fig. 2. The second riveted truss was the same 
one used by Prof. Th. Wyss in 1920-21 to determine 
strains under static loads, particularly near the gussets. 
For this reason the gussets were rather large and the 
members were not extended to any extent. 

i All trusses were built with the aid of processes cur- 
rently employed in structural fabricating shops. First- 
class workmanship was required. 


THE TESTS Fig. 5 Fatigue test of a welded truss 


Every truss was subjected to static and fatigue tests 
very carefully in the large transverse bend testing 
machine of this laboratory. In static tests the following 
measurements were made: 


(a) Vertical and horizontal displacements of the 


* 


Fig. 4 Stress distribution at a gusset Fig. 6 Elastic elongations in trusses Nos. I to 
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coupled together. ‘The frequency of pulsations was 250 
cycles per minute. About one million pulsations was 
applied at each of several gradually increasing loads. 
After each fatigue fracture the trusses were repaired. 
Thus each truss underwent several fatigue tests. These 
tests permitted us to determine the fatigue strength of 
each truss for one million cycles; using the cross section 
of the members in calculating the stress. For the 
riveted truss the net section was used in calculating the 
stress. 
RESULTS OF STATIC TESTS 
Under a load equal to 1.5 times the maximum per- 
missible load the welded trusses and riveted Truss TV 
behaved in a completely elastic manner. There was 
perfect proportionality between stress and strain Fig. 6. 
All trusses umderwent small permanent deformations 
under the first load. The special lacquer permits us to 
state that for the riveted truss these permanent defor- 
mations are due to slip along faying surfaces in the 
riveted joints, while in the welded trusses they are due to 
local plastie deformation resulting from release of 
shrinkage stresses created by welding. These perma- 
nent strains averaged twice as large for the riveted truss 
as for the welded trusses. The following results were 
obtained for welded Truss No. I. 


(a) Proportional Limit with respect to the average 
stress in member 2-2’ = about 34,000 psi. 

(b) Proportional Limit with respect to the edge 
stress in the same member = about 38,500 
psi. 

Yield Point with respect to the average stress in 

member 2-2’ = about 41,000 psi. 

Yield Point of steel from which the trusses were 

built = about. 44,000 psi. 


Plastic phenomena were studied by means of the 
brittle lacquer. The results of measurements of rota- 


tion of each gusset at several points are shown in Fig. 7. 


SAV 5688 
Fig.7 Measurements of rotation of the gussets 
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Fig. 8 View of a gusset of trusses land I 


The gussets underwent more deformation in the 
riveted Truss IV than in the welded Trusses I, IIT and 
ITI. In general the rotation measurements agreed with 
calculations, as did the stress measurements, Fig. 3. 
Likewise the secondary stresses due to riveting the 
members to the gussets agreed with calculations. Cer- 
tain irregularities revealed by the measurements in the 
diagrams of secondary strains may be attributed to the 
following factors: 

(a) For the welded trusses, to the deformations due 
to shrinkage, which caused lateral twisting of 
the members. 

(b) For the riveted trusses, to the fact that a riveted 
structure is not entirely rigid, that is not com- 
pletely monolithic. 

These irregularities were magnified by the small scale 
of the test trusses but have practically no effect on the 
The results of the study of 
stress distribution in and near the gussets lead to the 


strength of the trusses 


following conclusions. 

For the welded trusses of Type A, Nos. I and II, the 
transfer of stress from one element to another is con- 
tinuous and uniform, thanks to the appropriate selec- 


Fig.9 Distribution of stresses in the riveted truss 
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Table 1—Results of Fatigue Tests 


Over-all 
Average average 
Designation value of fatigue limit 
of fatigue Fatigue fatigue limit, of welded 
Truss fracture Cause of failure limit, psi.* pst. trusses, psi. 
No. | Welded A Porosity in the longitudinal fillet welds in the bars at 20,000 
B the transition of the fillet weld to the butt weld 22/000! 
22,000 
( 22,700 
D 23,400) 
No. Il Welded A Butt weld, weld contained no defects 24,100 (27,000) | 
B Longitudinal fillet weld; weld contained no defects 24,8 ~ 24,800 23,200 
e Butt weld; weld contained no defects 24,800 ‘ 
No. Il Welded A Weld joining member 2-2’ to the gusset 2-2’. Stress 22,700 } 
B concentration 22,( 22.700 


No. IV Riveted : Cover plate in member 2-2’ 
B Junction of member 1-2 to gusset 1 (corner) 22'700| 
e Gusset 2—-junction with member 1 23,400 19,200 with respect to 
D, Gusset 2’—junction with member 1’-2’ 23,400 net section 
D- Cover plate in member 2-2’ 20,700 
“Wyss” Riveted A Diagonal 1-2, junction with gusset 1 16,300 
B Gusset 4, junction with diagonal 1-4 17,700 
© Diagonal 1-2, junction with gusset 1 17,000 
D Post 1’-2’. Deep notches at edge, due to influence 18,500 with respect to 
of secondary stresses 17,000 net section 
ky Tension member 2—4 in the free portion 21,300 
, Gusset 1, junction with diagonal 1-4 20,700 


tion of cross section of the members and of the Shape of 
the gussets, Fig. 8. The stress distribution in the gus- 
sets of the welded Type B, truss No. III is very like that 
in trusses I and II. However, where the wings of the T 
and I curve inward, there is a stress concentration due 
to the transfer of stress from the wings of the members 
to the gusset plate. From this point of view the cross- 
shaped members of Type A ave preferable to the T- and 
I-shaped members of Type B. As for the continuity 
and regularity of transfer of load from members to 
gussets the riveted truss is slightly infericr to the 
welded truss, Fig. 9. The transfer of stress in the 
riveted joint occurs partly by friction and _ partly 
through the rivets in shear. Very high stresses occur 
around the rivet holes, which cannot be calculated 
theoretically. In each of the riveted assemblies the sec- 
tion at which the first row of rivets is found is most 
highly stressed, because at this point the load in the 
member acts at full strength. This is a well-known 
fact and is confirmed by these tests. The stresses acting 
on the members tend to concentrate in front of the first 
row of rivets in that portion of the member immediately 
adjacent to the gusset. As a result the stress is not 
uniformly distributed and the first row of rivets is most 
heavily stressed. 

The buckling test on Truss I showed that the critical 
load for the compression members was higher than that 
calculated according to this laboratory’s theory for 
eccentric loads on the assumption of an initial eccen- 
tricity expressed by the formula 


P 
K 110 


m= (1) 


where 


P = eccentricity of load 
= radius of gyration 
degree of slenderness 


244-s Cerardini— Fatigue of Trusses 


* Fatigue limit expressed as tension range from zero to maximum tensile stress. 


In view of the irregularity of the axis of the members 
which had been observed during test and which was due 
to shrinkage during welding, it was reasonable to as- 
sume an initial eccentricity of load. 


FATIGUE TESTS 

The fatigue tests, Table 1, showed a 5%% superiority 
of the welded trusses Nos. 1 to 3 over the riveted Truss 
No. 4. The fatigue failures in Truss I were caused by 
the transition from a fillet weld to a K-type weld. On 
the other hand, in Truss IT failure was due to stress con- 
centration at gussets 2 and 2’. Truss IIT attained prac- 
tically the optimum value of fatigue limit: namely, 
25,600 psi. The Wyss truss, which was built a long 
while ago for purposes different from this test, had a 
rather low fatigue value. For trusses I to [V, which 
had thin members, the secondary stresses due to rigidity 
at the connections and shrinkage stresses had practi- 
cally no effect on fatigue strength. On the contrary, de- 
fects resulting from poor design and concentration of 
stress at connections were very important in welded 


Be 


a 


Fig. 10 Permissible stresses for trusses in steel Ac\ welded 
without defects. Stress in Kg./mm.* 
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Truss LI and the riveted trusses. All in all, we may con- 
sider the results of the fatigue tests very satisfactory 
since the experimental trusses were much more severely 
stressed than in service 


CONCLUSIONS 


The tests show that welded trusses are perfectly 
equivalent to riveted trusses if the following essential 
rules are observed during fabrication. These rules re- 
late to (a) the materials of construction, (b) the design 
of the truss as a whole and its details and (c) the method 
of fabrication. 
welded trusses of first-class structural steel AcN are 
shown in Fig. 10. 


The permissible design stresses for 


The compression members are de- 
signed on the same basis as for riveted trusses. Ee- 
centricity of load is inevitable, owing to shrinkage dis- 
tortion during welding. Formula (1) should be used. 
The following safety factors apply with respect to: 

Yield 2.0 

Fatigue = 1.5 

Buckling = 2.0 taking account of initial eccentricity 
of load 


V IV 


The following rules must be observed in fabricating 
first-class welded trusses. The structural steel AcN 
must meet federal specifications. First-class covered 
electrodes must be used of a grade corresponding with 
the strength of the steel. Weld metal and welds must 
fulfill the requirements of this laboratory. 

Members should be composed, if possible, of flat 
plates assembled by continuous longitudinal fillet welds. 
Rolled sections should be avoided. The cross is the 
fundamental shape from which more complex shapes 
should be derived. Complicated sections, such as box 
sections, should be avoided if they are difficult to weld. 

The results of these tests are useful in designing rail- 
way bridges with a span of 115 to 130 ft. 

As far as possible the longitudinal fillet welds in the 
members should be symmetrical with the axis of the 
member and at a good distance from the edges of the 
section. In exceptional cases the filet welds may be re- 
placed by K welds. 
to avoid passing ‘from a fillet to a K weld, for these 


For a given joint it is good practice 


changes of shape give rise to stress concentrations which 
lower the fatigue strength. The longitudinal fillets must 
be continuous and uninterrupted for the whole length of 
the member. At the free ends a special transition, Fig. 
11, should be used. ‘Tests* prove that these transitions 
have high fatigue value. As for changes in section from 
member to member, they should be accomplished by 
varying the thickness and width of the flat bars. These 
changes in section should be made gradual and contin- 
uous so as to avoid notches and acute angles 

To reduce secondary stresses to a minimum the axes 


++ t+ 


Fig. 11 Favorable design of fillet 
welds. Dimensions in millimeters 


of the members should meet on center and the cross 
section of the members should be as slim as possible. 
Members should be butt welded to the gussets, and the 
gussets themselves should be so shaped that loads can 
be transmitted in a continuous fashion without stress 
peaks. Butt welds in tension, as well as the ends of the 
longitudinal fillet welds on the members, should be care- 
fully machined or ground. 

The greatest importance must be attached to the 
execution of the welding. Defective workmanship is 
more serious in welded construction than in riveted. 
Careless workmanship may have grave consequences 
especially in structures subject to fatigue. Inspectors 
must follow the welders closely. Distortion and shrink- 
age stresses should be held to a minimum by judicious 
sequence of welding. Preheating is beneficial particu- 
larly when the ambient temperature is low. 

The structure to be welded should be placed in the 
most favorable position for welding. If positioning is 
impossible an attempt should be made to locate im- 
portant welds in positions easy to weld. Parts contain- 
ing welds that are not completely perfect should be rein- 
forced and the permissible stress used in design should 
be reduced by about 20%. 

Any welded trusses built according to these prescrip- 
tions are equivalent to riveted trusses from the fatigue 
The welded trusses are superior from the 
During the period 1935 to 


standpoint. 
standpoint of static loads. 
1944, Swiss specifications have raised permissible stres- 
ses for welded structures 40°. 
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This Thing Called Weldability 


§ Present knowledge of weldability is critically reviewed and set 


forth in clear, understandable language. 
for future research and development. 


The article forms a basis 
It suggests methods of im- 


proved application of present test procedures relating to weldability 


FOREWORD 


HE Weldability Committee of the Welding Re- 

search Council was organized in 1941. They have 

had cognizance of a number of research programs 

pertaining to the general field of weldability. This 
report is an attempt to treat our present knowledge of 
weldability in the most critical manner. It is felt that 
this presentation is necessary as a basis for future re- 
search, further technical development and improved 
application of present test procedures relating to weld- 
ability. It is also true that the question of weldability 
is not ready for final discussion because of the numerous 
unsolved problems. However, there is need for clarifi- 
cation and unification of the information which is now 
available. The Welding Research Council has main- 
tained a committee—a large committee—whose person- 
nel have had a greater variety of interests in welding. 
Members have been interested from many angles, such 
as materials, design, fabrication and process application. 
Engineers of a great variety have been members of this 
committee. From training and employment their inter- 
est has been metallurgical, mechanical, electrical, chem- 
ical or structural, in facet. their interest lies in all fields 
of engineering. Such a heterogeneity of interest has 
been particularly stimulating. 


I. WHO IS INTERESTED IN WELDABILITY? 


In considering the general problem of weldability, we 
might ask who is interested in weldability, for whom are 
we trying to develop a method of evaluation of the 
weldability of metal: is it for the welder in the weld 
shop, the shop management, the metallurgical labora- 
tory, the designing engineer, the materials engineer or 
the welding engineer? It appears that we should be 
aiming this development primarily for the benefit of the 
materials and welding engineers in order to secure maxi- 
mum economy in fabrication and maximum service- 
ability of weldments. Weldability should be considered 
from an engineering standpoint, with full recognition of 
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the importance of metallurgical and other factors which 
may be involved in this evaluation. Weare interested in 
weldability because we want to have a better under- 
standing of the problem of welding a given material by a 
given process to produce a given design for a given 
service. 


Il. WHAT IS WELDABILITY? 


It is generally accepted as axiomatic that all steels are 
weldable. Therefore, any definition of weldability is 
meaningless unless it incorporates the idea of degree of 
weldability. The degree of weldability should incor- 
porate the ease or facility with which a desired weld can 
be obtained. For example, it is often considered that a 
perfect weld is one in which two pieces of steel are 
joined by fusion into a continuous member which is 
equal in every respect to a similar piece of steel con- 
taining no welds. However, even though this was 
achieved with several steels, they still might not all be 
considered as equally weldable since it might be more 
difficult to achieve the perfect joint with one steel than 
with another. On the other hand, the ease of welding 
all steels might be considered to be the same, provided 
that the method and technique of welding are adequate 
for fabricating a structure that is satisfactory for the 
purpose intended. 

In an actual definition of weldability, one is con- 
fronted with the inadequacy of a single definition to 
describe the term satisfactorily for the several view- 
points which are encountered. Seferian and Leroy in 
their discussion of weldability divide the field into three 
parts: (a) Constructional weldability, which depends 
on base metal, filler metal, operator’s skill and rigidity 
and mass of the construction. ‘Tests for constructional 
weldability involve shrinkage stresses, such as the 
rigid-clamp and bead-bend tests. (b) Operative weld- 
ability, which depends on base metal, filler metal and 
operator's skill. Tests involve the heat-affected zone, 
all-weld metal and base metal. (c) Metallurgical weld- 
ability, which depends on the intrinsic properties of 
base metal, and is not affected appreciably by the 
quality of the filler metal or by the operator's skill. 
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Tests for metallurgical weldability include the usual 
tension, bend, shear and hardness tests for welds. It 
has been felt for some time by American investigators 
that any complete definition of weldability must be re- 
lated to performance or service requirements. 

A complete definition of any term is difficult; for 
example, cast iron or steel is still almost impossible to 
define. There are books written to describe steel and 
usually the authors modestly admit that the discussion 
is incomplete. For the purpose of this summary, how- 
ever, it is felt that there should be some statement that 
can be pointed to as a definition of weldability which in 
a broad sense will concur with the general thinking 
about the subject. It will then be simpler to cope with 
the equally complicated and more pertinent problem of 
evaluating weldability. 

With full recognition of the difficulties involved in 
defining weldability, the following definitions may be 
suggested : 

1. For the purpose of procurement: Weldability is 
defined as that combination of properties which control 
the suitability of a metal to be joined by welding under 
specified conditions to form a continuous member. 

2. For constructional purposes: Weldability is de- 
fined as that combination of properties which control 
the practicability of joining a metal by welding under a 
set of imposed conditions to form a joint having prop- 
erties adquate for the purpose intended. 

3. From metallurgical considerations: Weldability 
is defined as that combination of properties which con- 
trol the facility with which a metal may be fabricated 
by welding, under a set of prescribed conditions, with- 
out undue detrimental effects on the physical properties 
of that metal. 

The American WELDING Soctety Definitions Com- 
mittee has recently defined weldability. This proposed 
definition reads: ‘‘Weldability: The capacity of a 
metal to be welded, under the fabrication conditions 
imposed, into a specific, suitably designed structure and 
to perfom satisfactorily in the intended service.” 

It has been suggested that our answer to the relative 
weldability of a material is a statement of the procedure 
required to weld that material for a given service. 


Il. WHY STUDY WELDABILITY? 


It seems, by definition, that there are two general 
objectives involved in the activities of the Weldability 
Committee. 

1. Toestablish a test or tests to evaluate the welding 
properties of a material without consideration of ap- 
plication, design or service requirements. Such a test 
might be considered for use in purchase specifications 
for material. 

2. To establish tests which will assist the user of 
welding to evaluate the welding properties of a material 
with particular reference to application, design and 
service requirements. 

The welding engineer is constantly confronted with 
the problem of not only selecting materials but also 
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determining the proper welding methods and techniques 
to fabricate the materials into a suitable structure. 
Weldability tests are required in any program to de- 
velop or select weldable material or to determine op- 
timum methods and techniques for a welding process. 
The development of tests for measuring the relative 
weldability of a steel has been the subject of extensive 
investigation. The factors whieh must be considered in 
the design or selection of weldability tests are numerous. 
The specimens should not be complicated in design, and 
it is desirable that a minimum amount of machine work 
he required. Test methods should be reproducible and 
have sufficient sensitivity so that the effect of changes 
in welding technique may be detected. Tests should 
also distinguish between the differences in the weld- 
ability of similar materials and be adaptable to studies 
including variations in thickness of the material. Fin- 
ally, tests should be designed to approach the service 
requirements of the structure so far as rigidity, rate of 
loading, and temperature are concerned. 

Any welding procedure may be complicated by a 
large number of variables, such as energy input, preheat 
and postheat temperatures, rate of energy input, 
chemical composition and mechanical properties of the 
base metal, welding sequence, joint design and con- 
straint of the structure. In an attempt to simplify 
laboratory procedures, investigators usually consider 
only one or two of the variables at a time. This has 
brought about considerable confusion in the interpreta- 
tion of weldability testing since each proponent of a test 
interprets his results in the light of variables which he 
has used in his investigation. In the comparison of 
tests, many of the methods of evaluating weldability 
will rate materials or procedures qualitatively in the 
same order—a quantitative evaluation is much more 
difficult. 

Another consideration that is paramount in testing 
for weldability is the fact that most tests are laboratory 
tests from which it is desired to predict the performance 
of a material or process in a large structure. The rela- 
tionship of small-scale laboratory tests to performance 
in the field structure, however, has not been quantita- 
tively established. Only recently have testing tempera- 
ture, degree of constraint and rate of loading been 
associated with the transition from ductile to brittle or 
cleavage-type fracture. It now appears that these 
factors will aid in establishing a quantitative relation- 
ship between large-scale and smaller-scale laboratory 
tests. 

Another objective of any study of weldability is that 
of making as easy as possible the formulation of welding 
procedures necessary to weld a structure for a given 
service. Testing for weldability from a practical view- 
point may be twofold; first, to determine the response 
of a metal to various typical welding procedures, that is, 
an evaluation of the effect of a welding procedure on 
service properties and soundness of the welded joint 
under various degrees of restraint; and second, to find 
some practical method of evaluating the severity of a 
welding procedure and the degree of restraint imposed 
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by the procedure for the particular design of structure 
being fabricated. We are necessarily concerned with 
the design of the structure, as the design must be suit- 
able for fabrication by welding and satisfactory for the 
intended service. In testing any material for weld- 
ability, usually the selection of the welding process is 
limited or predetermined by design, shop conditions or 
available equipment. The particular process is usually 
determined before the material is selected. The weld- 
ability of any given material may be dependent upon 
the welding process and the procedure used. Tests per- 
formed at any given level of power input may not be 
related to tests performed at some other level of power 
input. Tests performed using a given process may not 
be closely related to tests performed using a second 
process 

Fundamentally, as a result of past work, there is 
agreement in our thinking regarding weldability if 
consideration is confined to deposited weld metal, 
effect of cooling rate, grain size and other factors which 
are related to the metallurgical response of the base 
material to the welding process. Since our thinking has 
expanded beyond this narrow field, we are apt to run 
into trouble because of conflicting ideas. Not too long 
ago, welding engineers would argue long and loud re- 
garding metallurgical effects. We have shown some 
progress in this field as a result of a large amount of 
investigation which has taken place. It is natural that 
we should try to correlate weldability with a finished 
product. This approach involves fundamental effects of 
welding on microstructure and mechanical properties 
and requires a carefully thought-out systematic attack 
from a number of viewpoints. We still do not know how 
welding damages the mechanical behavior of steel. We 
do not know why and how welding generally raises the 
transition temperature. 

In summary, the weldability of a material should be 
considered from an engineering standpoint and selected 
properties of that material must be evaluated in terms 
of service requirements; then the effect of welding on 
those properties becomes our paramount interest. Be- 
fore using welding to fabricate any structure, from any 
material, it is desirable to procure information regarding 
the soundness and ductility over a range of tempera- 
tures correlated with service requirements. Our choice 
of a material for any given structure will depend upon 
the response of that material to welding, and laboratory 
tests should be aimed at providing this sort of informa- 
tion. 


Iv. WHAT HAS BEEN DONE IN THE FIELD OF 
WELDABILITY? 


Investigations in the field of weldability and kindred 
fields have been very extensive. In addition to the 
effort which has been expended by the Weldability 
Committee of the Welding Research Council, vast 
programs have been carried out by industriel! labora- 
tories and government agencies, such as N.D.R.C., as 
well as Navy and Army laboratories. Some of these 
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investigations have been interested in design and per- 
formance of structures. Many of the fundamental 
investigations, however, have dealt with the metal- 
lurgical effects of welding. Broadly speaking, a test for 
weldability consists of subjecting the material to the 
temperature cycle involved in the welding process and 
then evaluating the ductility of the resulting structures. 
The thermal cycle may be that obtained by an actual 
welding operation, or the effect of welding temperatures 
may be simulated by subjecting test samples to special 
heat-treatment routines. 

The technical literature reveals that there are over 50 
different specimens which have been used to evaluate 
some of the characteristics of weldments. These tests 
fall into four major categories: (1) weld metal tests: 
(2) tension tests of joints; (3) bend tests; and (4 
fatigue tests. There are those tests that measure 
directly the effect of welding on the ductility of a steel, 
and also those that observe a change in some property. 
such as the maximum hardness of the heat-affected 
zone, and assume a direct correlation between this 
change and the resultant ductility. 

The early tests for evaluating the suitability of a 
particular welding process for joining a particular type 
of material usually consisted of making a sample joint. 
The ductility of the resulting joint was then measured 
by tensile testing or bending. Such testing is still used 
in many applications for process approval, and the per- 
formance often depends upon the skill of the operator 
as much as upon the suitability of the process. 

The hardness developed in the heat-affected zone 
contiguous to a weld deposit has attracted considerable 
attention. Usually the hardness of a transverse section 
of the heat-affected zone is explored by means of an in- 
strument such as the Vickers, Knoop or Eberbach hard- 
ness tester. Several investigators have obtained con- 
siderable data from this simple test, which is almost 
universally used in conjunction with whatever other 
tests that may be performed. The maximum hardness 
method has always found wide use, since a hardness 
survey required a minimum of initial specimen prepara- 
tion, and, similar to microscopic examination, the test 
imposes no limitation on welding technique and thick- 
ness of material. 
tirely upon the assumption that there is a satisfactory 
correlation between maximum hardness and ductility. 

In many studies, in order to obtain additional in- 
formation regarding the heat-affected zone, micro- 
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scopic examinations were made of structures resulting 
from the welding thermal cycle on the assumption that 
ductility could be predicted from a careful evaluation 
of these structures. In general, such an evaluation for 
steels covering a wide range of weldability is not diffi- 
cult, but specific, quantitative interpretation of results 
for steels over a narrow range of weldability is almost 
impossible. However, a microscopic examination of the 
cross section of a weld accomplished the following pur- 
poses: (1) it discloses both the quality and structure of 
the weld metal deposit and the metallurgical structure 
of the heat-affeeted zone which enables the metallurgist 
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to evaluate the cooling rate; (2) it provides a means of 
detecting microcracks; and (3) it permits the detection 
of segregation, laminations and inclusions in the steel. 
Such observations furnish pertinent information in any 
weldability study. Again, as in the use of the maxi- 
mum hardness test, a microscopic examination must be 
made in conjunction with some other weldability test in 
examining steels over a narrow range of weldability. 

The study of the thermal conditions and the metal- 
lurgical effects at the rates of cooling in the welding 
heat-treatment cycle has been frequently suggested. 
These data, together with the accepted views of metal- 
lurgical changes, may be used to predict the resulting 
ductility. Considerable attention has been given to the 
possibility of the application of isothermal and con- 
tinuous cooling transformation studies. In all cases, an 
attempt has been made to evaluate the change in duc- 
tility of structures resulting from the heat treatment 
of the steel by the welding thermal cycle. A number of 
investigators have been interested in the use of the 
temperature relationships in the heat-affected zone and 
their metallurgical effects as a means for evaluating 
weldability. Aborn has pointed out that the properties 
of the heat-affected zone are the result of structural 
changes which are determined at any point by the 
maximum temperature, the length of time at that tem- 
perature and, more particularly, by the subsequent rate 
of cooling at that point; for this rate, if too great, will 
produce a zone of undesirable structure. 

Hodell and Bruce developed formulas which were 
used to predict and control temperatures in the welding 
of oil well casing. An experimental program was car- 
ried out to measure the actual temperatures of cooling 
welds in the casing, and a close agreement was found 
between the analytical and experimental cooling curves. 
Hess, Merrill, Nippes and Bunk undertook the measure- 
ment of actual cooling rates in the heat-affected zone of 
single-vee groove welds. These data were used to 
modify fundamental mathematical solutions, and tables 
were prepared showing the energy in joules per inch 
required to produce any desired cooling rate at any 
selected temperature level for plate temperatures rang- 
ing from 37° F. (3° C.) to 400° F. (204° C.) and for 
plate thicknesses of '/2, 1 and 1'/: inches. 

\ number of tests have been suggested in which 
special heat-treatment techniques are used in an at- 
tempt to produce specimens with microstructures 
similar to those observed in the heat-affected zone. 

One of the widely used direct tests for evaluating 
weldability is the tee-bend test sponsored by Bibber and 
described by Ellinger, Bissell and Williams. A double 
fillet tee-shaped specimen is tested as a guided bend 
specimen without removing any metal from the face of 
the weld. A special jig is used for bending the specimens 
and the angle of the head of the tee at maximum load 
is recorded, together with the load and type of fracture 
at failure. Bibber and Hueschkel have suggested the 
measurement of the energy absorbed in the bending as 
an additional index. It is interesting to note that the 
tee-bend test was the first test to differentiate between 


1949 


W eldability 


high-strength and low-strength steels. This was also 
the first of the bend tests requiring consideration of 
mode of failure, that is, ductile or brittle. It was felt 
that those steels which failed with a brittle fracture 
were less desirable for a welded structure, even though 
the angle at maximum load was satisfactory. The 
early investigators showed that the temperature of 
testing had an important effect on the angle of bend and 
mode of failure. It was felt that the tee-bend test 
integrated in the performance of a welded joint, the 
quality of the base metal, and the effect of the welding. 
There was no procedure for comparing base metal and 
welded specimens. Essentially, this testing procedure 
is applicable to comparatively low-hardenability struc- 
tural steels, such as used in ship construction. How- 
ever, there has been at least one attempt to apply the 
test to materials with higher hardenability, such as 
steels used in aircraft construction. 

Kommerell and Bierett suggested an unnotched 
longitudinal bead weld specimen for determining the 
weldability of a manganese structural steel (St 52). The 
specimen, larger than those subsequently used by 
American investigators, was tested statically in a bend- 
ing jig with the weld in tension. Two methods of 
evaluating the test were employed: (1) the measure- 
ment of the angle at which cracking first propagated 
into the base metal, and (2) the classification of the 
type of fracture either as a sudden fracture without 
appreciable previous deformation or as a gradual frac- 
ture after the development of a considerable degree of 
bending. In the early work of Koramerell and Bierett, 
the stipulation of a determinate bending angle was re- 
jected, and it was required simply that the longitudinal 
bead- weld specimen should not exhibit any signs of 
brittle fracture. The test was generally considered ex- 
tremely severe but, nevertheless, useful in evaluating 
the sensitivity of a steel to welding. However, diffi- 
culty was experienced in selecting an index which would 
be agreed upon as a guide to weldability. A recently re- 
ported investigation by Graff using the above test 
states: ‘As a specification test for 2-in. wide flange 
steel in the steel mill, it is recommended that a bend 
angle of at least 50°, better 60°, must be reached with- 
out fracture.” 

American investigators have found the longitudinal 
bead weld, slow-bend test to be probably the simplest, 
and most flexible of all ductility tests in lighter-gage, 
high-strength materials, such as aircraft steels. How- 
ever, the success of the test in low-carbon steels is con- 
fined to the heavier gages. A modification of the 
longitudinal bead-weld specimen gaining popularity in 
this country comprises the use of a notch across the 
welded area, and more will be said later in this section 
relative to the application of the test in studying the 
effects of welding on steels. 

Cornelius and Fashsel developed a notch-bend 
specimen comprising a transverse bead weld with a 
parallel notch machined so that its apex touched the 
fusion line. The specimen was bent around a pin until 
the first appearance of a crack at the root of the notch. 
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The angle of bend at failure was considered to provide 
a measure of the ability of the material in the heat- 
affected zone to undergo plastic deformation. This 
specimen has been modified by various investigators in 
an attempt to develop a test method in which the 
effect of welding on the behavior of the plate material 
can be compared with that of the unwelded plate. The 
slow-bend test is applicable to any thickness of steel 
plate, and the welding technique may be varied to suit 
practical limitations. It has been modified in a number 
of ways, including dimensions of the test specimen and 
the type of notch. Luther, et al., presented the results 
of an investigation of the effect of welding on the tem- 
perature at which a change from ductile to brittle 
failure occurred. It was found that for a number of 
steels the temperature at which there was a transition 
from a ductile to brittle type of fracture in the un- 
welded type of plate was raised by welding. 

One of the most intensive researches on steel weld- 
ability has been that concerning “hard” or “weld” 
cracking in the heat-affected zone of base metals in 
metal-are welds. A number of test methods have been 
proposed for determining the underbead cracking 
tendency for a particular steel. Most of these have been 
more or less qualitative since wide variations usually 
cannot be avoided in the results. 

Swinden and Reeve showed that, if severe restraint 
is imposed upon a welded joint in a low-alloy steel, 
cracking may result in the hardened zone. In addition, 
they described a restrained welded test piece which 
could be used to determine the conditions required to 
produce cracking. The test fillet of the Reeve specimen 
was made while restrained by previous construction. 
The development of this test was probably the first 
important step in the recognition of the need for 
measuring the crack sensitivity with respect to a re- 
strained condition. Luther, Laxar and Jackson have 
described a cracking test based upon the degree of 
cracking in the heat-affected zones, contained in cross 
sections of bead welds. Transverse microsections were 
examined, and the amount of cracking present was 
qualitatively used as an index. Investigators at Bat- 
telle Memorial Institute have examined longitudinal 
sections of this same type of specimen in order to ex- 
press the degree of cracking in per cent of total length of 
the bead. 

The results of a number of investigations lead to the 
conclusion that cracking in the heat-affected zone of 
welds can occur whenever a critical combination of 
four factors is present. These factors are hydrogen, 
rate of heating and cooling, chemical composition and 
structure and stress. Suitable techniques reported for 
the control of cracking are: 

1. Choose a ferritic welding electrode whose coating 
contains a minimum of hydrogen and water-bearing 
ingredients. 

2. Choose an austenitic steel electrode. 

3. Select a suitable preheating temperature, weld- 
ing heat-input, or postheat treatment to ensure that 
after welding the transformation of austenite in the 
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heat-affected zone can be made to oecur at a high 
enough temperature so that martensite will not form or 
that hydrogen diffuses away from zones of high hydro- 
gen concentration. 

4. Choose a steel of minimum carbon and alloy 
content necessary for the particular service require- 
ment. 

The investigation conducted by Doan, Stout, Frye, 
and Tér provides an illustration of a systematic ap- 
proach to the evaluation of the weldability of a steel. 
This work is significant, since for the first time an over- 
all system was suggested for evaluating the weldability 
of a steel. The basic ideas presented in the tentative 
system for preserving ductility in weldments may be 
summarized as follows: (1) when a steel is welded, a 
definite maximum hardness is obtained which is de- 
pendent upon the cooling rate imposed by the welding 
operation; (2) equivalent hardnesses in the heat- 
affected zone and in the Jominy end-quench test bar 
may be taken to indicate equal cooling rates; and (3) 
ach position on the Jominy bar represents a definite 
cooling rate and, consequently, corresponds to a certain 
combination of welding conditions. Therefore, equiva- 
lent hardnesses may be substituted for cooling rates and 
the hardness may be expressed in terms of Jominy 
distance. A notched bend specimen was used to estab- 
lish the ductility hardness relationship since it was felt 
that ductility should be made the criterion for the 
hardened zone instead of hardness alone. The welding 
conditions were made universal with respect to joint 
geometry and plate thickness by virtue of having been 
modified by Stout’s geometry factor. 

An alternate method was later proposed which 
eliminated the use of the Jominy specimen and sub- 
stituted for it a direct welding test in the form of simple 
bead-on-plate welds. Beads were deposited on plates 
with each bead deposited at a different energy input. 
The resulting variation in cooling rates with varying 
energy levels was reflected by a change in maximum 
hardness of the heat-affected zone of the base metal. 
As before, the bend angle accompanying each hardness 
level was then determined by a set of specimens cooled 
at different rates. 

There is a general trend in weldability testing to the 
use of low temperatures as a determining variable, and 
all of the recent investigators consider that service per- 
formance of a steel or weldment is related to its transi- 
tion temperature. The relationship between service 
performance and the temperature at which a bend or 
other type of specimen changes from » ductile to a 
brittle tvpe of fracture has been studied by many in- 
vestigators in this country. They have explored with 
prime plate, and a few have shown the importance of 
the effect of welding on the transition temperature. 

In one of the earliest investigations concerned with 
the effect of temperature on the angle of bend of welded 
specimens, Houdremont, Schonrock and Wiester showed 
an increase in angle of bend from less than 20° to over 
100° as the temperature of testing increased from 20 to 
100° C. In this country a group at the Massachusetts 
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Institute of Technology, initially under the late Prof. 
A. V. deForest, undertook to investigate this method of 
approach to the weldability problem. 

Much effort has been directed toward the determina- 
tion of completely brittle fractures. It has been shown 
that the shape of the test specimen, the degree of con- 
straint, the rate of loading and the temperature of test- 
ing were important in the investigation of any given 
material. Stout and McGeady investigated the effect 
of a number of variables on transition temperature. 
They showed that the most important variable which 
influences the properties of notch sensitivity and duc- 
tility of structural steels is the variation from one heat 
to another of the steel itself. Further, it was shown that 
the properties of the unwelded plate are not a reliable 
indication of the properties which will result when 
welding is performed on the plate. It is becoming in- 
creasingly evident, through continued research, that 
when structural steel is heated by welding to tempera- 
tures slightly below or within the critical range and 
then cooled moderately fast, high notch sensitivity 
characteristics are obtained. Anderson and Waggoner 
reported an investigation on the behavior of welded 
structural steel and on brittle fractures under service 
loading. They obtained a brittle fracture with some 20 
elongation and reduction of area. They mentioned that 
due to restraint in a structure, accompanied by low 
temperatures, the yield strength of a structural steel 
can be raised to the ultimate strength. and that this 
eliminates the possibility of yielding. 

Luther, Jackson and Hartbower reported the effect 
of welding on the transition temperature of a number 
of steels but found difficulty in correlating the results, 
since various test specimens indicated different perform- 
ance. In a summary of welding tests of carbon and 
low-alloy steels, these same authors point out the need 
for fundamental information relative to the phenom- 
enon of transition temperature. 

Recently, a rather extensive report on the fracture of 
metal was prepared by Gensamer, ef al. This survey 
was prepared and reported in order to form the basis for 
a long-time research program on the subject. The 
extensive discussion further emphasized the fact that 
even in homogeneous materials, the theoretical con- 
siderations and mechanism for transition temperature 
from ductile to brittle behavior are not well understood. 
The fact, that almost 300 references were given further, 
emphasized the fact that considerable investigation and 
thought have been given to this field of the investiga- 
tion. It is mentioned that the most important factors 
which affect flow and fracture strengths appear to be 
stress combination, type of load, plastic strain, history, 
temperature, rate of strain, composition and metal- 
lurgical structures. At the present time it is impossible 
to quantitatively evaluate the effect of these various 
factors. In some cases, a qualitative statement may be 
made regarding the influence of a particular factor. 
Gensamer’s statements have been related to the per- 
formance of the base material alone and have not 
considered the effect of welding on the base metal 
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properties. Welding does not simplify the problem. 

In the final report of a Board of Investigation to in- 
quire into the Design and Methods and Construction of 
Welded Steel Merchant Vessels, it was concluded that 
the fractures in welded ships were caused by notches 
and by steel which was notch sensitive at operating 
temperatures. The highest incidence of fracture oc- 
curred under the combination of low temperature and 
heavy seas. It was felt that improved behavior can be 
provided by improved steel characteristics. 

As a result of the failure of welded ships, extensive 
investigations of ship steels have been directed toward 
studying the mechanical and metallurgical aspects of 
the failures. These tests have included large- and 
small-scale specimens; in fact, tests have included 
vessels in service, replicas of welded hatch-corner con- 
struction, and all the standard and many ingenious 
nonstandard test specimens. At the present time, the 
mechanism of metal fracture is not well understood al- 
though concepts, such as the relation of resistance to 
flow and fracture and the change from ductile to brittle 
behavior with decreasing temperature, are being studied 
in attempts to elucidate the mechanism of brittle frac- 
tures. 

In the past, the notched bar impact test has been 
used occasionally as an index of the ability of material 
to deform plastically under service conditions. The 
correlation has not been satisfying. A new approach to 
the phenomenon of plastic deformation has resulted 
from the greater understanding provided by recent 
experimentation, such as the work at Watertown 
Arsenal by Hollomon and Zener. For ferritic-pearlitic 
steels, the interrelation of radius to the notch, rate of 
applied load and temperature for plastic flow have been 
qualitatively proved and quantitatively indicated. 

Bagsar, Kahn and Imbembo proposed cleavage-tear 
tests in which a notched tensile-bend type of test 
couponwas used. The effects of notch and coupon geom- 
etries, load eccentricity, rate of loading, testing tem- 
perature and of heat treatment were indicated by the 
work of Bagsar, whose test method is based upon a 
coupon which has sufficient rigidity and acuity of notch 
to assure development of cleavage fracture consistently. 
Rigid test coupons and sharp notches were used by 
Bagsar with the object of approaching conditions of 
stress and rigidity that may be encountered in all- 
welded monolithic structures in service. The test 
method proposed by Kahn and Imbembo was intended 
to define transition from shear to cleavage fracture in a 
manner which correlates with large-scale plate tests or 
similated service tests rather than to induce cleavage 
failure under all conditions. 

One of the most recent works reported on ductility of 
steels for welded structures was the Campbell Memorial 
Lecture presented by Kinzel at the Annual convention 
of the A.S.M. in 1947. Kinzel concurred with contem- 
porary investigators in that the trend in weldability 
testing is to use low temperature as a determining vari- 
able and to recognize that service performance of a steel 
structure is related to its transition temperature. 
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The phenomenon of decreased ductility with de- 
creasing temperature was observed in many types of 
specimens. The choice of a particular specimen was 
dictated by ease of machining and testing. The speci- 
men was tested in static loading as a simple beam loaded 
in the plane of the notch. The criterion suggested for 
the development of a brittle state or condition in a bend 
test specimen is the lateral contraction at the fracture. 
The embrittling temperature was defined as that at 
which approximately 1° lateral contraction occurred. 
The ratio of proportional limit to the maximum load 
approached unity under conditions that produced about 
1% lateral contraction at fracture. 

It was demonstrated that lowering of ductility with 
lowering of temperature is in no instance a proportional 
relationship. In some of the steels the lowering of 
ductility with temperature was gradual over a wide 
range of temperature. In many others, slight lowering 
of ductility oecurred as the temperature was lowered 
until some rather narrow critical range of temperature 
was reached, when the loss of ductility was extremely 
rapid with lowering temperature. 

Results of tests, wherein other factors than tempera- 
ture were varied, showed (as expected by theory) that 
higher velocity of testing and greater degree of restraint 
acted in the same direction as lowering the temperature 
of test, that is, in increasing the proportion of the frac- 
ture which exhibited a brittle, coarse, crystalline ap- 
pearance. 

One of the findings of these comprehensive tests of 
most interest to designers, therefore, was that the dele- 
terious effect of restraint in the structure has not been 
overemphasized in recent literature. In this regard the 
welding engineer also has great responsibility to 
specify the proper cycle of operations to minimize the 
restraint imposed by the differential heat effects of the 
welding operation, and to insist on proper preliminary 
heat treatment (normalizing) or postheat treatment 
(stress relief heat treatment) when such treatment is 
necessary. Notwithstanding previous statements, there 
is probably little doubt that the quantitative relation- 
ship between small-scale laboratory tests and the per- 
formance of full-scale structures can be established only 
by the systematic laboratory investigation of small-scale 
specimens run concurrently with tests on large-scale 
members that actually represent elements of a full- 
scale structure. Similar tests might be performed on 
actual failures as “post-mortem” studies of the behavior 
of the casualty structure. 


\. WHAT HAS THE WELDING RESEARCH 
COUNCIL SUPPORTED? 


The Welding Research Council, under the auspices 
of the Weldability Committee, together with the former 
Subcommittee II of the Industrial Research Division, 
have been interested in the investigation of weldability 
since 1937. In this period, covering over ten years, the 
emphasis of the work has gradually changed from that 
of a simple hardness survey to one concerned with the 
effect of welding on the behavior of base metal and 
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weld metal when tested under varying degrees of re- 
straint over a range of temperatures. Projects have 
been set up under various subcommittees at Battelle 
Memorial Institute, Lehigh University, Rensselaer 
Polytechnic Institute, Massachusetts Institute of 
Technology and the University of California at Los 
Angeles. In addition, there has been close cooperation 
with various industrial and government agencies. 
Other committees of the Welding Research Council 
have also contributed to our general information re- 
garding weldability; notable is the work of the Struc- 
tural Committee in their tests of large girders and 
structural I-beams. 

The following sections briefly describe the programs 
which have been covered by those organizations 
directly responsible to the Weldability Committee of 
the Welding Research Council. 

Battelle Memorial Institute. In June of 1941, as a 
result of a research program prepared by Subcommittee 
II of the Industrial Research Division, a research proj- 
ect on the problem of weldability was begun at Bat- 
telle Memorial Institute. 

The broad objective of the investigation was to 
evaluate the influence of carbon and manganese on the 
weldability of the carbon-manganese steels. To para- 
phrase one of the early published reports of Subcom- 
mittee II, the essence of the problem was to obtain 
basic data which would lead to a better understanding 
concerning the avoidance of cracks during welding, and 
the maintenance of adequate ductility next to the weld 
to help prevent failure of the weldment under service 
loading. Two other objectives were ultimately brought 
into the picture; namely, an investigation of the use- 
fulness of a notched-bead bend test for evaluating weld- 
ability, and an investigation of the adaptability of this 
test, in a modification of the Lehigh system,* for the 
evaluation or prediction of weldability. Throughout 
the research, an important objective was the develop- 
ment of a test for weldability of steels. 

The work conducted at Battelle for the Welding Re- 
search Council on the weldability of the carbon-man- 
ganese steels may be divided into three periods. The 
first period began in June 1941, and ended in the sum- 
mer of 1942, and dealt with the evaluation of under- 
bead hardness as an index of weldability. Some tests 
were also conducted on the bending of bead-welded 
specimens, in an attempt to evaluate the ductility of 
the heat-affected zone. The initial program also in- 
cluded other tests (originally outlined by the Com- 
mitee on Carbon Steels) such as notched slow-bend 
and impact-bend tests of bead-welded plates, rigid- 
frame weld tests, tee-bend tests and tension impact 
tests. By the time the work had advanced through the 
first year, the Advisory Subcommittee felt that the 
latter tests should not be made, or at least deferred 
until the results of another investigation, on the weld- 
ability evaluation technique proposed by Kinzel (AWS 
Journal for October 1941) had been tried out. 

The results of the research conducted at Battelle 


* Guide to Weldability of Steels, A.W.S. 
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during the first period were submitted to the Welding 
Research Committee in five progress reports, and a 
paper describing all of this work was published in THE 
WELDING JoURNAL in 1942, along with a report of 
Committee II and three reports of other weldability 
tests on the same steels by other investigators. 

In the interim between the first and the second re- 
searches on the weldability of carbon-manganese steels, 
Battelle conducted a research on the weldability of 
S.A.E. alloy steels, using the techniques developed in 
the first program, for the Watertown Arsenal. The 
results of these tests were published in THe WELDING 
JourNAL for October 19438. 

The second period of Battelle’s investigations for the 
Welding Research Council began in November 1944, 
and ended in September 1946. As in the previous work, 
the underlying objective was to evaluate the influence 
of carbon and manganese on the weldability of the test 
steels, but the immediate objective was to evaluate the 
usefulness of the notched-bead slow-bend test as a 
means of measuring the weldability of steels, possibly 
in conjunction with a modified version of the Lehigh 
system. 

At the start of the second period, three short pilot 
programs were conducted to investigate the most suit- 
able bend specimen design, to determine the effect of 
aging on the behavior of the specimen and to obtain 
preliminary data on the possible effects of plate thick- 
ness and weiding electrodes. When these tests had 
been completed and veported to the Welding Research 
Council, a paper was published summarizing the pre- 
liminary studies. 

In August 1945, after about nine months of work on 
the pilot tests, the main program of the second period 
was begun. In this work, the notched-bead slow-bend 
test was used with all of the test steels available. The 
influence of variables such as electrode type, heat input, 
plate condition and plate composition on the bead-bend 
ductility of the welded specimens was studied. The 
results of these tests were presented to the Weldability 
Committee in a single progress report, and an abridged 
version of the report was published in THe WELDING 
JOURNAL. 

The third period of the weldability investigations be- 
gan in January 1947, and continued to April 1948. The 
work is an extension of the notched-bead slow-bend test 
studies, and entails a study of factors which had not 
been fully considered in the earlier investigations. The 
tests have included studies of the effects of proportion- 
ality of specimen dimensions on the behavior of the 
notched-bead slow-bend specimen; studies of the rela- 
tive behavior of a pair of coarse- and fine-grained steels 
of similar chemical composition; and a study of the 
crack sensitivity of the test steels and the influence of 
preheat and electrode composition on the incidence of 
underbead cracking. Two progress reports have been 
submitted to the Weldability Committee on this work, 
but the data have not yet been published. 

Lehigh University. In August of 1941, a cooperative 
study of weld cooling rates was established at Lehigh 
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and Rensselaer Polytechnie Institute by the Welding 
Research Council with the object of obtaining data on 
the cooling rates associated with different welding con- 
ditions. 

A system for controlling weld cooling rates was sug- 
gested by Kinzel, and subsequently developed at 
Lehigh. Given the minimum ductility necessary in the 
heat-affected zone of a welded joint in a structure, a 
technique was developed for (1) measuring the ductility 
corresponding to different weld quench hardness levels 
in the steel to be welded, using a series of notch bend 
specimens heat treated to various hardnesses; (2) 
setting up the welding procedure (current, voltage, 
speed and preheat) necessary to produce the required 
ductility in the joint. 

The technical data necessary for the use of the system 
were published in THe Wetpinc JourNnat for July 
1943, et seq., and in a separate booklet entitled “Guide 
to Weldability of Steels,’ published by the American 
WELDING SOcIETY. 

Later research at Lehigh obviated the need for the 
Jominy test by developing a direct hardenability deter- 
mination using a bead weld specimen. This work was 
published in THe Wetpinc JourNaL for December 
1945. 

In addition to the question of brittle structures in 
the heated zone of welds, there remained the problem 
of eliminating cracks in the weld metal or base metal 
which originate when the rigidity of the joint inter- 
feres with the natural shrinkage of the weld. No 
method of quantitatively gaging the effect of rigidity 
was known. Lehigh took up this problem under the 
N.D.R.C., and a specimen was developed which per- 
mitted continuous quantitative variation of restraint 
while the quench effect of the mass of the specimen was 
held constant. Using this test, called the restraint 
specimen, extensive studies of the crack susceptibility of 
different steels and electrodes were made. It was pos- 
sible to detect significant differences in crack suscepti- 
bility between heats of the same S.A.E. type of steel. 
Differences among various brands of a particular A.W. 
S. type of electrode were revealed, while the different 
types were rated in order of crack susceptibility. Pre- 
heat of the base metal decreased susceptibility to crack- 
ing, particularly of low-alloy steels. 

The restraint specimen was demonstrated to be a 
valuable tool in the study of both weld and base metal 
cracks. The above work was published in the A.W.S. 
JouRNAL for September 1946 and November 1947. 

The crack-free properties of the 19-9 stainless elec- 
trode in the restraint test, and the good results reported 
by others investigating hydrogen-controlled electrode 
coatings for use in welding steels of high hardenability, 
led to an investigation of the effect of hydrogen on the 
properties of welds. 

A longitudinal notch-bend specimen was developed 
at Lehigh and used for examining the effect of hydrogen 
on the notch sensitivity of welded structural steels. 
Also, Charpy specimens were heat treated in hydrogen 
and nitrogen atmospheres to simulate welding effects. 
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In both cases, the tests indicated that hydrogen has 
only a small effect on the transition temperatures of the 
structural steels studied. Results were published in the 
June 1947 WeLpine Journat. 

Utilizing the Lehigh longitudinal notch bend speci- 
men, a comprehensive survey of the effects of such 
factors as welding technique, preheating, postheating, 
steel composition and electrode type on the notch sen- 
sitivity of eleven ship steels was carried out under 
N.D.R.C.-Navy sponsorship. This work was reported 
in the June 1947 Wetpine JournaL. The importance 
of the weld-heated zone in determining the noteh sen- 
sitivity of the welded plate as a whole was emphasized 
during this work and led to further inquiry into the 
properties of the structures present in the heated zone. 
It was at this point, July 1946, that sponsorship was 
resumed by the Welding Research Council. 

During the first year, it was found that base plate 
heated to intercritical temperatures possessed poor 
notch resistance. Cracking under external loading was 
shown to originate in the coarse grains of the heated 
zone, but rapid propagation of the crack may not occur 
until it penetrates to the area heated to intercritical 
temperatures. Studies showed that the notch re- 
sistance of the welded plate could be improved by such 
procedures as (1) pretreatment of the plate, such as 
hardening and tempering, and (2) postheating (prob- 
ably because of metallurgical effects). Localized post- 
heating by means of gas torches was shown to offer some 
hope as a cheap, practical means of improving notch re- 
sistance. These investigations were reported in the 
November 1947 WELDING JouRNAL. 

Rensselaer Polytechnic Institute. The principal con- 
tribution of this laboratory to the weldability investi- 
gations, begun in the fall of 1941, has been the quantita- 
tive measurement of cooling rates associated with are 
welding conditions. The cooling curves were measured 
by insertion of thermocouples located so as to measure 
the maximum cooling rates existing in the heat-affected 
zone immediately adjacent to the area of fusion. The 
experimental measurements permitted the development 
of a precise mathematical relationship between the 
welding variables and cooling rate. The mathematical 
relationship allowed the prediction of cooling rates 
associated with any combination of welding variables 
within the limits studied, thus giving wide extension 
to the experimental data. 

The factors found significant in their effect on weld 
cooling rates were the following: (1) weld energy input, 
(2) plate thickness, (3) plate temperature and (4) 
joint geometry. 

The are voltage, are current and electrode travel 
speed were grouped in the single variable, energy input. 
The energy input is expressed in electrical units or 
joules per unit length of weld. Careful experimental 
investigations showed that the thermal properties, 
conductivity and specific heat, vary so little between 
plain carbon and a variety of low-alloy steels, that the 
cooling rate is not affected in any significant manner. 
The size of the are-welding electrode was shown to have 
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a very small effect on cooling rate. The type of elec- 
trode employed, whether mild steel of any of the com- 
mon types, low alloy with or without a lime-type coat- 
ing, or austenitic or base electrode, produced no sig- 
nificant difference in cooling rate. The above relations 
were found for butt welds in steel plate. When fillet 
welds were made, the type of mild steel electrode has « 
slight effect on the cooling rate owing to the different 
shape of the deposited fillet, whether convex or con- 
cave. 

Energy inputs were varied from about 15,000 to more 
than 100,000 joules per inch. Are travel speed was 
varied between 5 and 12 in. per minute. Are welding 
electrodes between !/s and '/, in. in diameter were em- 
ployed. Are voltages and welding currents were varied 
within the ranges recommended by the manufacturers 
Plate thickness was varied between '/, and 1'/, in. 
Plate thicknesses up to '/2 in. were found to cool in the 
manner of a thin plate, the heat being dissipated only 
laterally away from the weld. On the other hand, plate 
thicknesses of 1 in. or more cooled as plates of infinite 
thickness, that is, heat dissipated through the thickness 
of the plate as well as laterally for the values of energy 
input used in this investigation. 

In studying the effect of plate temperature on cooling 
rates, temperatures from 37° to 400° F. were employed 
Plate temperature and weld energy input provide the 
principal independent variables for the control of weld 
cooling rate. 

The majority of work in these investigations was done 
with butt welds or simulated butt welds in flat plate. 
In simulated butt welds, the plates were grooved to 
permit the deposition of the last pass of the butt weld 
which was shown to be the most significant with regard 
to cooling rate. The only other joint geometry in- 
vestigated was a tee-joint between '/2-in. plates. Cool- 
ing rate data are, therefore, not available for tee- 
joints in either dissimilar thickness combinations ot 
thicknesses other than in. The tee-joint studie= 
showed that, whereas the last pass of a butt weld cooled 
most rapidly, the first pass of a fillet weld in a tee-joint 
cooled most rapidly. 

The careful study and determination of the cooling 
rates associated with are welding, raised the question as 
to how to determine the proper welding conditions for 
any given steel. A method of applying the cooling rate 
data to the problem of predicting welding conditions for 
different steels has been successfully established. The 
basis of this method involves measuring the response 
of the steel to a variety of different cooling rates, and 
selecting welding conditions to give the desired metal- 
lurgical structure. Mechanical properties are presumed 
to be related to metallurgical structure. 

Another phase of the weldability studies involved 
further experimental measurements which led to the for- 
mulation of mathematical expressions for the time- 
temperature curves representing the complete heating 
and cooling cycle experienced by any point in the 
vicinity of an are weld. The validity of these mathe- 
matical expressions was checked by direct measure- 
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ments under a variety of welding conditions. The de- 
termination of the complete thermal cycles experienced 
in the vicinity of an are weld opens up a wide oppor- 
tunity for the study of the effects of welding heat upon 
steel. 

The cooling rate data were utilized to study the 
effect of this variable on the impact strength-tempera- 
ture relationships for the various metallurgical struc- 
tures found in the vicinity of are welds. Charpy im- 
pact strength-temperature relationships were also de- 
termined for the weld metal, as well as the adjacent 
zones. The weld metal quality, as measured by im- 
pact strength and transition temperature, was not ap- 
preciably affected within the range investigated, by are 
power level, are travel speed, cooling rate and preheat 
temperature. The region of carbide coalescence or 
spheroidization had the highest transition temperature 
of the structures tested. The impact characteristics of 
the spheroidized region were not affected by are power 
level or are travel speed, but were affected by the cooling 
rate adjacent to the weld, and the preheat temperature. 
The lowest transition temperature was obtained with 
intermediate cooling rates. A preheat temperature of 
100° 


temperature for welds made with constant cooling 


was found to affect adversely the transition 


rate 

Although the notch in a standard Charpy specimen 
can be placed in any desired zone adjacent to an are 
weld, the impact failure tends to traverse different 
metallurgical structures. For example, fractures which 
initiate in the spheroidized zone traverse large regions 
of relatively unaffected plate metal. Likewise, when 
the notch is located in the coarse-grained zone, fracture 
traverses coarse-grained, fine-grained and spheroidized 
zones. 

Massachusetts Institute of Technology. Work for the 
Welding Research Council on the DeForest Brittle 
Temperature Project started in April 1945. This pro- 
gram was a continuation of the work which was origi- 
nally suggested by Dr. deForest and sponsored by the 
mental research investigation aimed at untangling the 


The program has been strictly a funda- 


relationships of transition temperature and method of 
testing of various steels with various welding tech- 
niques. 

The work carried out on the brittle temperature proj- 
ect has been based on a special slow-bend test utilized 
to accurately determine the temperature of transition 
to brittle fracture under well-controlled strain rates and 
testing temperatures. The test method is that of ob- 
serving, for a given notch specimen in bending, the 
plastic deformation in a load-defleetion record. Auto- 
matic plots of load and deflection are used to ensure ob- 
Mate- 
rials tested include welded and unwelded semikilled ship 


taining the transition temperature accurately. 


plate, mild steel, silicon-killed, high tensile steel, 
wrought iron and others. Comparison of transition 
temperature and various parts of two double-vee 
welded ship plates of nonkilled steel showed that the 
deposited weld material at the weld center was far 
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superior to that of the adjacent base plate material, and 
slightly better than unwelded semikilled plate tested to 
the present time. In two welds, the base material 1 in. 
from the weld center has been shown to be the most 
brittle with a transition temperature 100° F. higher 
than the transition temperature at the center of the 
weld. In addition, the effects of constraint or of com- 
bined stress ratios on the combined transition tempera- 
tures have been determined. It has been shown that 
at a given strain rate the transition temperatures were 
raised by at least 100° F. 
axial to biaxial conditions. The investigation on the 


when proceeding from uni- 


comparison between notch bars and simple structures 
shows that a single notch bar could be selected to give 
the same transition temperature at the same strain rate 
as the given structure, and that the comparison was a 
purely formal one independent of material. Tests have 
been conducted in which the transition temperatures of 
the M.I.T. slow-bend tests were compared with those of 
the standard Charpy impact test 

A special study was made to determine the effects 
of prior cycles of fatigue on the transition temperatures 
for brittle fracture in an S.A.E. 1020 steel. The results 
show that the transition temperature Was increased very 
materially, as a number of prior fatigue cycles increased, 
for stresses both above and below the endurance limit. 


VI. WHAT IS UNDER WAY OR PLANNED? 


Battelle Memorial Institute. 
the work conducted for the Welding Research Council 
at Battelle Memorial Institute on the weldability of the 


To summarize briefly, 


carbon-manganese steels during the past seven years 
has produced numerous data on the hardening charac- 
teristics of the steels adjacent to welds, the crack sen- 
sitivity of the steels, the capacity of welded sections of 
the steels to deform under load at room temperature 
and on the influence of welding technique factors such 
as electrode type and cooling rate. It is believed that 
additional tests are necessary on some phases of the 
work in order to make the available data more applic- 
able for use by the industry. Among these problems 
are: 

1. Evaluation of the cooling rates used in the crack- 
sensitivity studies, and crack-sensitivity tests on '/4 
and '/s-in. plates of the test steels, to add to the data 
now available on 1-in. thicknesses, to determine if the 
crack sensitivity tends to change with plate thickness 
i.e., change in the steel characteristics rather than in 
the cooling rate). Studies to determine the required 
cooling rate for maximum cracking are also desirable 
recent tests on other types of steel indicate that the 
maximum cracking does not necessarily occur at the 
fastest cooling rates). 

2. Studies of the metallurgical characteristics and 
hardenability properties of coarse- and fine-grained 
steels of the same chemical compositions, to determine, 
for heating and cooling rates approximating those used 
in metal-are welding, the grain coarsening, harden- 
ability and ductility characteristics of the base metal. 
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3. Evaluation of the behavior of welded specimens 
of the carbon-manganese steels, under deforming 
loads at a series of temperatures (transition-tempera- 
ture studies). 

4. A study of the differences in the welding be- 
havior of cast and wrought carbon-manganese steels of 
the same composition. 

Lehigh University. Lehigh University has been 
authorized by the subcommittee to proceed with the 
following program: 

1. Study further the various criteria for evaluating 
the results of transition temperature tests. 

2. Study additional carbon-manganese steels with 
the idea of covering the range of steels in present-day 
commercial use. To cover commercial carbon-man- 
ganese steels, it was suggested that extremes of analysis, 
melting practice and thickness of the following steels be 
tested: A.S.T.M. A-201, 212, 283 and 285. It would be 
desirable to obtain some of the steel used for the beam 
impact tests at Columbia University and some of the 
Ship Structures Committee Steels, the former for a 
check with actual structures. 

3. If time permits, make pilot tests of the effect of 
the residual stress on the transition using the Lehigh fin 
specimen. 

Rensselaer Polytechnic Institute. 
gram involves a method of producing a particular strue- 
ture uniformly across the entire test section. The 
method is based upon previously established time- 
temperature relationships at various distances from the 
weld center line as a function of welding variables. 
Since the metallurgical structure produced in the plate 
material near an are weld is a result of the thermal 


The present  pro- 


cycle at the point of interest, exact duplication of a de- 
sired metallurgical structure may be accomplished by 
subjecting a specimen of convenient size to the proper 
thermal cycle by electrical resistance heating. Special 
equipment has been built in order to control auto- 
matically the electric resistance heating to duplicate 
exactly the heating and cooling cycle of the weld. 
This equipment will be applied to a series of different 
steels to show the effeet of welding heat on the transi- 
tion temperature curves. In order to complete the 
picture, it will be necessary to study separately the 
different heat-affeeted zones to determine which is 
affected to the greatest extent by the heat of welding. 
Furthermore, it is hoped that opportunity will be pro- 
vided to extend the program to study the effect. of 
strain-aging, and also the effect of impurities such as 
nitrogen on the notch impact properties of a variety of 
steels. 

A further program, which this laboratory is very de- 
sirous of undertaking is the study of cooling rates pro- 
duced by welding conditions involving higher power 
levels and greater travel speed than those used in the 
previous investigations. Other work has shown that 
these cooling rates should be of great interest in helping 
to explain the results obtained with the higher travel 
speeds associated with special welding techniques and 
submerged-melt welding. The prior experience and 
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facilities available in this laboratory are ideally suited to 
the performance of such an investigation. 

Massachusetts Institute of Technology. The investiga- 
tion is aimed to study the possible effects of metallo- 
graphic structure on the fracture properties of a low- 
carbon steel. The essential part of the experimental 
technique is to vary the pearlite distribution (spacing of 
pearlitic lamellae) while keeping all other factors, in- 
cluding grain size, the same. 

The steel under investigation is a killed steel; check 
analysis: carbon—0.17%, manganese— 0.4807, phos- 
phorus—0.012%, sulphur—0.039%, silicon—0.09° ; 
mechanical properties: yield point-—35,520 psi., tensile 
strength—58,390 psi. (nominal), elongation in 8 in. 
26.0%; the plate is */, in. thick as-received. 

The steel when austenitized at temperatures from 
1550-1750° F. yielded a fine-grained structure. Aus- 
tenitizing between 1850 and 2000° F. resulted in a 
coarse-grained structure. By a suitable hot quenching 
technique it was possible to produce samples with coarse 
and fine pearlite spacings in both fine- and coarse- 
grained steels. These steels were slow bend tested by 
the method described previously, and the following 
preliminary results were indicated : 


(a) The steel that was fine-grained had considerably 
more ductility as measured by the embrittling 
temperature than the coarse-grained steel. 

(b) Increasing the fineness of pearlite spacing tends 
to vield the same effect as a decrease in grain 
size. The samples with a combination of fine 
pearlite and fine grain size displayed the most 
ductile properties under the test conditions. 


Further work is planned to separate the two variables 
present in these preliminary tests, namely, the amount 
of free ferrite present and the pearlite fineness. It is 
planned to accomplish this by using a steel of eutectoid 
composition for a similar series of tests. This will elimi- 
nate the ferrite factor. 

Other work is under way to demonstrate the correla- 
tion between the type of brittle fracture obtained in the 
M.L.T. tests and that obtained in other tests. The 
main difference between the M.I.T. criterion and the 
others is that the embrittling temperature reported is 
the maximum temperature at which no plastic deforma- 
tion takes place prior to failure. In many other tests 
which measure transition temperatures, the steel is 
plastically deformed before failure takes place. It is 
expected that this work will also aid in selecting the 
most useful criteria for determining embrittling tem- 
peratures. 

University of California at Los Angeles. 
past vear a program has been organized at the Uni- 
versity of California at Los Angeles. This program 
has been based on results obtained in a_ recent 
investigation which showed that mild steel are 
welds were embrittled to a remarkable extent when 
subjected to a treatment consisting of a 2'/2% 


During the 
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tensile strain, followed by storage or aging at room 
temperature for several days. The degree of em- 
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brittlement appeared to be considerably greater than 
attributable to the effects of strain-hardening alone. 
Since a 2'/.% deformation appears to be so effective in 
introducing brittle behavior, the question has been 
raised whether plastic straining of weld metal during 
the cooling which follows deposition or during cold 
forming after welding, may not have a similar influence. 
The Subcommittee has been set up to confer with the 
investigators and a definite proposal has been ap- 
proved. 


VII. WHERE ARE WE, AND WHERE ARE WE 
GOING? 


After considering the weldability programs which are 
under the direct sponsorship of the Welding Research 
Council, as well as the many investigations undertaken 
by other organizations, it becomes evident that effort 
has been very heterogeneous. There is need for unifica- 
tion, there is need for simplification and reorganization. 
Such effort can only be carried out by the Weldability 
Committee as a whole, since most individual investi- 
gators or engineers are probably prejudiced by thei 
particular viewpoint and experience. From an over-all 
viewpoint, investigations of the Welding Research 
Council have contributed extensively to the progress in 
the field of weldability. 

As a result of the many investigations in the field of 
weldability, we have reached certain tentative conclu- 
sions which are listed below. No attempt has been 
made to present these items in order of importance. 

1. Cracking: It is evident that performance of any 
welded structure is probably dependent upon the tend- 
ency toward cracking. Studies have been reported, by 
both American and British investigators, which have 
been concerned with cracking. Testing procedures for 
the study of cracking tendency, both in base metal and 
weld metal, are well developed, although additional 
investigation is called for to produce a complete state- 
ment of the mechanism of cracking. 

2. Type of Specimen: There is a general feeling that 
most of the specimens which have been suggested are 
satisfactory for the determination of transition tem- 
perature for the particular restraint and rate of loading 
presented by each specimen. It is desirable to increase 
the restraint of the specimen by notching so that testing 
procedures required can be easily obtained in the labora- 
tory. Three types of welded specimens have probably 
received the most favorable consideration. These are 
the tee-bend and two simple beam or slow-bend speci- 
mens with weld beads either transverse or longitudinal 
to the specimen. Each of these three tests has certain 
advantages which make it useful for particular investi- 
gations. The most important advantage of the slow- 
bend specimen is that plate specimens may be com- 
pared with welded specimens. 

In the interpretation of results of 


3. Criteria: 
mechanical tests, a large number of criteria have been 
suggested. At the present time, some correlation has 
been shown between these criteria, although this corre- 
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lation has been qualitative instead of quantitative. 
Among others, the following criteria have been used by 
various investigators: angle of bend at maximum load, 
per cent of shear in the fracture, energy absorption, 
maximum load, lateral contraction and ratio of yield to 
tensile loads. It has been recommended that consider- 
able effort should be put forth to include as many of 
these measurements as possible in reporting future in- 
vestigations. 

4. Effect of Previous Deformation: It has been 
clearly demonstrated that deformation will raise the 
temperature for brittle failure. In any bend test, of 
course, the type of fracture will be influenced by the 
amount of deformation which the specimen undergoes 
before failure. Hence, in a material in which the tem- 
perature for brittle fracture is influenced by previous 
deformation, the fracture may be brittle after consider- 
able deformation. It is felt that the effect of previous 
deformation and the tendency for brittle fracture in a 
steel should be considered separately in studying the 
behavior of welded test specimens. Obviously, a test in 
which the material fractures brittlely after consider- 
able deformation is not an indication of the properties 
of the material before testing. Hence, the use of 10% 
lateral contraction, small angles of bend or low energy 
absorption, such as 15 ft.-lb., as a criterion for transition 
temperature, seems to be more logical than 50°, shear 
or one-half maximum energy. 

5. Thickness of Specimen and Span: Some testing 
has been undertaken in which the thickness dimension 
of the specimen has been varied. This variable com- 
plicates the interpretation of results, as an increase in 
the thickness of the specimen is effective in two ways; 
nomely (1) the cooling rate during welding becomes 
more drastic as the thickness increases, and (2) the re- 
straint, using a given span for testing, becomes greater 
as the thickness of the specimen is increased. This 
leads to a conclusion that the welding conditions and 
span should be adjusted proportionally, to provide 
similar results if the investigator is interested in measur- 
ing the properties of a material. If testing is carried out 
to investigate the performance of a material in any 
particular design, then the influence of thickness might 
well be studied with a single span. So far little informa- 
tion is available which will permit the translation of 
results with a given restraint to those with a second de- 
gree of restraint. 

6. Composition: Most of the investigators have 
shown that carbon is by far the most critical element in 
a material which may be used for a welded structure. 
British investigators have shown that improved per- 
formance is obtained with materials having a ratio of 
manganese to carbon of at least three. The effects of 
carbon and manganese have been considered in investi- 
gations carried on at Battelle Memorial Institute. 
Additional investigators have considered the effect of 
silicon, nickel and other alloying elements. It appears 
that most of the alloying elements are less detrimental 
than carbon in materials with a given tensile strength. 
Further information is needed for exact evaluation of 
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the effect of composition, particularly from the view- 
point of transition temperature. 

?. Welding Technique: A number of investigators 
have shown the effect of increasing current or change in 
rate of travel on the performance of welded test speci- 
mens. It has been shown that faster rates of heat in- 
put, with high currents, produce a narrower heat- 
affected zone with better transition properties than ob- 
tained for a weld produced at a low rate of travel with 
low currents. There is still need for an over-all survey 
showing the effect of welding technique on the perform- 
ance of welded test specimens. 

8. Structure and Grain Size: A number of investi- 
gators have attempted to determine the effect of micro- 
structural changes, such as the distribution of the pear- 
lite-ferrite phases. The investigations regarding grain 
size (McQuaid-Ehn) have been rather unsatisfactory. 
There has been some tendency for improved perform- 
ance with those steels having a fine grain treatment. 

9. Restraint: A number of investigators have ob- 
served the performance of specimens with various types 
of notches. However, before much additional progress 
can be made in this field, some quantitative method of 
evaluating restraint is urgently needed. As restraint is 
increased, the transition temperature for most. steels 
will be increased. The rate of increase may vary from 
steel to steel. A qualitative evaluation of restraint may 
be had by giving the ratio of the yield to maximum 
loads; the ratio will increase with restraint. 

10. Brittleness: Considerable discussion and some 
preliminary investigations have been made to determine 
the factors controlling the brittle fracture of steels. It 
appears to be associated with the mechanism of slip in 
the crystal structure of the material being studied. 
Austenitic materials show a greater possibility for the 
formation of slip planes, whereas, the ferritic materials 
have a tendency to restrict slipping due to a difference 
in crystal structure. Little information is available re- 
garding the effect of composition on brittle behavior, 
except for the fact that an increased carbon content 
tends to raise the transition temperature. 

X-ray analysis on large erystals fractured at low 
temperatures has confirmed that the planes of brittle 
fracture are parallel with the cube faces of the erystal. 
Intererystalline fracture is not excluded, particularly 
when the carbide forms intererystalline films in low- 
carbon steels, which have been slowly cooled. Asso- 
ciated with the main fracture, there are often small 
secondary cracks exhibiting similar features. There are 
little data available which will assist us in explaining the 
mechanism of brittle failure. Additional studies using 
X-ray and microscopic examination would be useful. 
Changes in physical properties, such as tensile strength, 
using the common 0.505-in. diameter tensile specimen, 
have not been significant as the temperature is de- 
creased. One series of tests in which the hardness of a 
number of steels was measured from room tempera- 
ture to — 180° C., showed a gradual increase in hardness 
for materials containing alloying elements and higher 
earbon. For low-carbon materials there was a discon- 
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tinuity in the temperature-hardness relationship. No 
correlation was possible between this break in the hard- 
ness-temperature curve and transition temperature, as 
measured by the usual slow-bend specimens. It was 
felt, however, that the use of microhardness might re- 
duce the effects of deformation in the hardness test and 
give hardnesses more nearly approaching the actual 
hardness of the specimen. Possibly the discontinuity 
in the hardness-temperature curve might be related to 
some change in the capacity for slip formation in the 
low-carbon steels as the temperature decreases. 

Other studies which would be useful would include an 
accurate evaluation of the effeet of gases, such as 
nitrogen and oxygen, on the brittle behavior of steels 
One of the laboratories has reported its intension of ob- 
taining basic information concerning the low-tempera- 
ture properties of relatively pure iron alloys, beginning 
with binary compounds. There is need for emphasis of 
the theoretical considerations of brittle behavior of 
steels. This may be one of the most important items 
confronting the metallurgy of weldability. 

11. Notch Geometry: In many of the test specimens, 
notches are used to restrict the deformation to a small 
area of the specimen under the root of the notch. There 
is no clear concept of the effect of various notch dimen- 
sions, except that qualitatively the sharper notch will 
restrict the deformation to a smaller area. As the 
sharpness of the notch is increased, the ratio of the 
yield strength to tensile strength in a slow-bend test 
will be increased until brittle failures will occur, with 
yield strength to tensile strength ratios of 0.90 to 
1.00. 

12. Rate of Loading: The tests at M.LT., used with 
variable rates of loading, have confirmed the fact that 
there is a linear relationship between the log of the de- 
flection velocity (in in. per second) and the reciprocal of 
absolute temperature. An increased rate of loading will, 
in general, raise the temperature for brittle fracture, 
although Dorn has indicated that the relation between 
strain rate and temperature may not be rigorous. 

13. Type of Electrode: Several investigators have 
studied the effect of various electrodes. For a given 
welding technique, little difference can be shown in the 
heat effects of various electrodes. Variations in elec- 
trodes have included composition as well as type. In 
the work at Battelle, it was shown that different types 
of electrodes have no significant influence on the bend- 
ing behavior of the welded specimen. The hardness in 
the heat-affected zone is not influenced by the charac- 
teristics of the coating or shielding atmosphere, but only 
by the welding current, welding speed, preheat and 
plate thickness. There is, however, a decided effect of 
various electrodes when the cracking tendency of the 
weld metal or base metal is considered. The present 
investigations have shown that cold cracking is pro 
duced under unfavorable welding conditions with any of 
the electrodes whose coatings are not specifically de- 
signed to generate only small quantities of hydrogen 
(classes E-6010, E-6012 and E-6020). On the other 
hand, when a low-hydrogen, ferritic electrode (Class 
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:-6015) is used, no underbead cracking occurs even 
with unfavorable conditions of cooling rate and steel 
composition. The work at Lehigh has demonstrated 
that various electrodes will have different tendencies of 
forming weld cracks. 

14. Effect of Heat Treatment: Various investigators 
have pointed out the effect of heat treatment of the 
base metal on weldability. It is generally accepted that 
a full heat treatment, consisting of quenching and tem- 
pering, improves the performance of a steel which is to 
be welded. In east steels, normalizing before welding 
has been shown to be particularly useful. Stress-relief 
annealing, either by furnace treatment or local treat- 
ment, has shown an improvement in the performance 
of welded structures. No over-all survey of the im- 
portance of heat treatment on weldability is avail- 


able. 


VII. WHAT REMAINS TO BE DONE? 


/. Criteria: The investigators at Lehigh are, at the 
present time, engaged in an evaluation of the various 
criteria which have been used for designating quantita- 
tively the transition temperature. Care should be 
taken to report all measurements, and considerable 
thought and effort, perhaps even of a somewhat philo- 
sophical nature, must be expended in this field in order 
to correlate laboratory tests with service performance 

2. Type of Test: The work at Battelle, under the 
sponsorship of the Navy, has been aimed at the selec- 
tion of a test specimen which will correlate with service 
performance. This program will also include the study 
of criteria and some consideration of materials. 

3. Effect of Thickness: Considerable confusion re- 
garding the effeet of thickness in transition behavior is 
evident. There is need for a study showing the effect 
of thickness and its relation to span and width of speci- 
men. The work with the tee-bend test supports the 
use of proportional jigs in material studies. 

j. Effect of Composition: Little work has been car- 
ried out on the effect of composition on transition tem- 
perature. The series of carbon-manganese steels avail 
able at Battelle would be useful in this study, and it is 
hoped that investigations will be set up including a de- 
termination of the transition temperature of these 
materials. 

5. Effect of Structure: The studies at R.P.I. and 
M.L.T., as well as some aspects of the work at Lehigh, 
have been interested in determining the effect of strue- 
ture on transition temperature. This work has included 
fully hardened structures, stuetures which have been 
heated to temperatures between the criticals, as-rolled, 
normalized and tempered materials including steels 
made by different processes 

6. Measure of Restraint: Although a quantitative 
evaluation of restraint may not be in the province of the 
activities of the Weldability Committee, it would be 
highly beneficial to the work of the committee if it were 
possible to quantitatively evaluate restraint. Such an 
evaluation should provide a means for correlating the 
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various test specimens and data which have been ob- 
tained using various specimens and testing procedures 
At the present time, the ratio of the yield strength to 
tensile strength seems to be the only logical approach. 

?. Experience Table: For some years, investigators 
at Lehigh have suggested correlation of laboratory 
tests with service failures. This would require the in- 
vestigation of structures which have failed and strue- 
tures which have proved satisfactory, in order to deter- 
mine the relationship of laboratory tests to service 
properties. It is felt that this is a long-time project, and 
the availability of failed structures will determine its 
progress. 

8. Nonferrous Materials: Although the weldability 
of nonferrous materials is of great concern to some 
fabricators, little or no work has been carried out 
aimed at the quantitative evaluation of weldability of 
nonferrous materials. An attempt should be made to 
apply some of the test pieces which are available for 
ferrous materials. 

9. Transition Temperature: 
need for a theoretieal philosophy which would explain 
the factors that influence transition temperature. The 
fundamental causes for the phenomenon usually re- 
ferred to as transition temperature in steel are still a 


There is still urgent 


question of great concern. 

10. Effect of Power Input: There is need for addi- 
tional information which will extend the work carried 
out at R.P.L. in their study of the effect of welding 
technique on cooling rates. Higher rates of travel, out- 
side of the rather limited range which they studied, 
should be ineluded. There is some indication that the 
rate at which the power is supplied to a plate will con- 
trol the width of the heat-affected zone. There is need 
for further information regarding the cooling rates for 
standard welding conditions, such as those used in the 
Battelle cracking test. 

11. Aging: Some investigators have shown that the 
ductility of welded bend test specimens improves with 
age. The reasons for this improvement are not clearly 
Other investigators report no improve- 


understood. 
It is possible that this im- 


ment of ductility with age. 
provement is related to the electrode type or steel 
properties. There is some evidence that there is a 
difference in the aging effects with different brands of 
electrodes. 

12. Cast Steels: 
shown that the cracking tendency for cast steels is 
somewhat less than that for wrought steel. It appears 
that the hardness level at which underbead cracking 


A number of investigators have 


begins to be present is from 50 te 100 Vickers higher 
in a cast steel than in a wrought steel. Further cla ifica- 
tion of this relationship would be useful. 

13. Test Conditions: There is need, especially for 
the work of the Weldability Committee, for setting up a 
minimum number of weld test conditions. This would 
be useful in order that the work of the various investiga- 
tors might be better correlated. 

14. Underbead Cracking: 
been carried out showing the effect of thinner sections on 


Little or no work has 


259-s 


underbead cracking. Tests should be set up to in- 
vestigate the underbead cracking tendencies of ma- 
terials in '/,- and '/s-in. thicknesses. We need to know 
more about the effect on cracking of inclusions and 
alloy segregation, of cooling rates in the ingot phase, 
heating times in the slab, and rolling procedure. Al- 
though the role of carbon is pretty well established, the 
effect of individual elements and elements in popular 
combinations are not. 

15. Effect of Previous Deformation: Since brittle 
fractures may occur after considerable previous defor- 
mation, it is important that quantitative information be 
obtained regarding the effect of previous deformation 
on the properties of a steel. Some work is under way 
under the jurisdiction of the Pressure Vessel Com- 
mittee. It is felt that welds may have entirely different 
behavior when deformed than when used in the stress- 
relieved condition. Such an investigation has been 
initiated at U.C.L.A. and will include studies of weld 
metal as well as composite welded structures. There 
should be further investigation of the effect on transi- 
tion temperature of fatigue cycles both below and 
above the endurance limit. 


IX. HOW CAN WE USE OUR PRESENT 
KNOW LEDGE? 

From qualitative studies of the effect of transition 
temperature, it has been shown that carbon is the most 
effective element in the composition of the steel in 
raising transition temperature. For a given hardness or 
tensile strength, steel with the lowest carbon generally 
shows the lowest transition temperature. 

There is ample proof that quenching, followed by 
tempering of a steel, lowers the transition temperature. 
The question of transition temperature from this view- 
point is not a metallurgical problem, but must be con- 
sidered as an economic problem, since many applica- 
tions do not warrant the additional cost of full heat 
treatment. There is confirmation of the fact originally 
reported by the M.I.T. investigators, that the zone of 
maximum hardness may not be the most critical strue- 
ture in the heat-affected zone. It has been shown at 
Lehigh that cracks originating in the hardened struc- 
ture will propagate much more rapidly across a wide 
zone which has been heated to a temperature between 
the lower and upper criticals. In fact, the width of the 
zone which has been heated to the critical temperature 
will probably control the behavior of the welded speci- 
men. 

A number of investigators have reported improved 
behavior for steels which have been fully deoxidized. 
Rimmed steels, in general, have shown high transition 
temperatures, although an occasional heat of rimmed 
steel is encountered with excellent behavior. Semi- 
killed steels, in general, are intermediate between the 
fully deoxidized and rimmed steel. 

In the welding of medium alloy steels, such as S8.A.E. 
4130, it has been demonstrated that the effect of pre- 
heat is mainly one of controlling the cooling rate ob- 
tained after welding. The use of sufficient preheat and 
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postheat to ensure complete transformation of the 
heat-affected zone to bainitie structures has been shown 
to improve the ductility of the welded specimen. This 
has had rather close correlation with transformation 
observed from isothermal diagrams. A preheat and 
postheat of 700° F. has given the shortest time for 
transformation for many alloy steels. 

The work at M.I.T. has confirmed the effect of in- 
creased rate of loading in raising the transition tempera- 
ture, although recent work by Dorn has indicated that 
the relation between strain rate and temperature may 
not be rigorous. Industrial laboratories and the work 
at M.I.T., under sponsorship of the Welding Research 
Council, have shown the influence of welding tech- 
niques on transition behavior. 

Probably the most outstanding factor controlling the 
performance of steels for welded construction is the 
carbon content. All investigators have pointed out the 
importance of keeping the carbon content low for im- 
proved weldability. The maximum hardness obtained 
after drastic quenching is determined by the carbon 
content (Fig. 1). Hardnesses approaching the maxi- 
mum attainable hardness may be encountered under 
drastic conditions of welding. With carbon content at 
0.10%, the maximum hardness which might be at- 
tained by drastic quenching would be not more than 400 
Vickers. Lower hardnesses willgbe obtained at the 
slower cooling rates which acco.npany welding under 
average conditions. The cooling rate attained in the 
heat-affeeted zone will be controlled by the weld nug- 
get area. It is logical to assume that cooling rate will be 
slower for those weld beads for which the nugget of 
weld metal is larger, and by the same token, as the 
nugget area is decreased, the cooling rate in the heat- 
affected zone will become more drastic. Since the 
cooling rate will control the hardness attained in the 
heat-affected zone, it should be possible to show a rela- 
tionship between nugget area and maximum Vickers 
hardness. This has been done for a plain carbon steel 
in Fig. 2. A rather sharp increase in hardness is ob- 
tained as the nugget area decreases below 0.04 sq. in. 
With lower carbon content, no increase in hardness, 
even under the drastic quench accompanying a small 
nugget area, will be found. By the use of Stout’s ge- 
ometry factors, plates of various thicknesses can be 
handled on a single plot. From the above figures, it can 
be seen that for some steels there is a critical nugget 
area and thickness, which will control rapid harden- 
ing. 

There is a definite relationship between welding tech- 
nique and the area of the nugget which is deposited. 
This relationship is approximately that shown in Fig. 3. 
With the nugget area for any given steel fairly definitely 
established for satisfactory performance, one must con- 
sider the effect of welding technique on penetration. 
From work that has been presented by the Swedish in- 
vestigator R. Gunnert, the penetration may be given 
by the following formula 
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where P is the penetration in in., J the current in amp. 
and V the speed of travel in in. per minute, EF the volt- 
age across the welding zone and K is a constant depend- 


ing on the welding process which is being used. For 
£-6010 type of electrodes K will be equal to approxi- 
mately 0.0012. This equation will be independent of 
thickness, providing the sheet acts as a thick plate 
Rensselaer Polytechnic Institute has shown that a 
given welding technique will perform on a given plate as 
a thick plate when the ratio of welding energy to the 
thickness is low. In Fig. 4 is plotted data which show 
the relationship of penetration to the current, voltage 
and travel on 1-in. thick plate. 

We are now in a position to evaluate the weldability 


in terms of room-temperature ductility if it is con- 
This relationship, 


trolled by the maximum hardness. 


however, shows a very wide scatter (Fig. 5). The maxi- 


mum hardness is not an exact measurement of the 
room-temperature ductility in the heat-affeeted zone, 
because various structures react differently to previous 
If we consider the transition temperature 


deformation. 
or embrittling temperature at some low value of energy 
absorption or lateral contraction, then the relationship 


of hardness to transition temperature is somewhat more 
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significant. Both Stout and Kinzel have presented 
data which show some degree of correlation between 
transition temperature and hardness. This is shown in 
Figs. 6 and 7. Stout has also shown that transition 
temperature, based on 50% shear, is related to the 
carbon content (Fig. 8). These relationships are pre- 
sented and assume a given specified testing procedure. 
Other conditions of test which increase the rate of load- 
ing will, in general, raise the transition temperature 
(Fig. 9). This increase in transition temperature is 
probably characteristic of each steel which might be 
tested. The investigators at the Massachusetts In- 
stitute of Technology have shown the linear relation- 
ship between the log of the rate of loading and the re- 
ciprocal of absolute temperature of testing (Fig. 10) 

If the service and composition of the steel which is 
being fabricated are such that transition temperature 
is higher than desired, consideration should be given to 
one of the supplementary practices which decreases the 
transition temperature; such as the use of quenched 
and tempered plate or following welding by either a 
local or a furnace stress-relief anneal. 

In addition to the question of ductility in a weld- 
ability test, the fabricator is also interested in cracking 
sensitivity of the material which is being fabricated. 
Some correlation has been found between underbead 
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Fig. 4 Effect of current, welding voltage and speed of 
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Fig. 7 Effect of hardness at room temperature on em- 
brittling temperature (after hinzel) 
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hardness, underbead crack sensitivity and bend duc- 
tility for carbon-manganese steels. There is a broad re- 
lationship between the hardness, crack sensitivity and 
bend angle factors to the chemical composition of the 
steel. As shown by Battelle in Fig. 11, all three of these 
factors are related to the carbon equivalent. These 


curves show that composition, including carbon, man- 
ganese and silicon, influence the crack sensitivity, hard- 


ness and bend angle at room temperature for this series 
of steels. It is possible that these test results will show 
almost a linear relationship with a factor based on the 
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Fig.8 Relation of transition temperature (50% shear) to 
carbon content (after Stout) 
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Fig.9 Effect of restraint on brittle fracture of test speci- 
mens with various notches using an 0.189% carbon plate 
(after Offenhauer and Koopman) 
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composition. From the British work, however, one must 
be cautioned regarding the use of additive composition 
factors for describing the relation of composition to 
transition temperature. They have indicated that the 
ratio of manganese to carbon may play an important 
part in the lowering of the transition temperature and 
suggest, for best performance, that the ratio of man- 
ganese to carbon be kept above three. 

The work at the Massachusetts Institute of Tech- 
nology and Rensselaer Polytechnic Institute, as well as 
that of the Union Carbide and Carbon Research Labo- 
ratories, Inc., has shown that some of the structures in 
the heat-affected zone are more effective in raising the 
transition temperature than other structures. It has 
been pointed out that as the width of the heat-affected 
zone increases, the transition temperature will be 
raised. For a given hardness level, the relationship be- 
tween the width of the heat-affected zone and transition 
temperature for one steel has been shown to be linear 
(Fig. 12). This, then, leads one to use welding condi- 
tions which will give the narrowest heat-affected zone. 
The width of the heat-affected zone will be related to the 
welding technique, although no quantitative relation- 
ship can be pointed out. In general, as the travel is in- 
creased, the width of the heat-affected zone is decreased 
for a given energy input per linear inch of weld. There 
is need for additional information regarding the proper- 
ties of the heat-affected zone and the methods of con- 
trolling its width. It is felt that a narrow heat-affected 
zone with a high maximum hardness will give better 
performance than a wide heat-affected zone with some- 
what lower maximum hardness. 
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Fig. 10 Typical velocity—transformation temperature 
relationship (after MacGregor, Grossman and Shepler) 
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Fig. 11 Relation between steel composition and under- 

bead hardness, crack sensitivity and notched-bead bend 

angle, for 1l-in, plates of the commercial rolled carbon- 

manganese steels welded with Class E-6010 electrodes 
(after Voldrich and Harder) 


The above comments apply to carbon and low-alloy 
steel. In the welding of medium-alloy steels, the prob- 
lem is somewhat different. Preheat ard postheat 
treatments are essential in order to avoid excessive 
hardening with loss of ductility in the heat-affected 
zone. The selection of postheat temperature should be 
such as to provide complete transformation of the heat- 
affected zone in the shortest possible time interval 
which usually results in bainitic structures. 


X. SUMMARY 


It may be stated again that we are interested in weld- 
ability because we want to produce a given design for a 
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Fig. 12 Effect of depth of heat-affected zone on em- 
brittling temperature 


Steel No. 16: C = 0.16%, Mn = 0.45%, Si < 0.01% 


Weldability 263-s 


| 
} 
/ 
te} 
\ + + 
\ } 
00001 
(1) Average of tests at room temperature, 150 and 225° F. preheats 
(heat input 16,000 watt-sec./in.). (2) Maximum hardness under 3-in. : 
bead 56,.000 watt-sec./in.). (3) Bend angle 
(heat input 47,000 watt-sec. in.) 


process. 


A given design will fix the restraint which is present 
and the required thicknesses of material will control the 
cooling rates and cracking tendencies which will be en- 
countered. The given service will control the properties 
required in the welded structure. These properties will 
vary, dependent upon whether the requirements of the 
service are stability (section), static loading or dynamic, 
which includes fatigue, slow- or ballistic-impact and 
creep. The given process which is used for fabricating 
any structure may be dictated by the service require- 


given service by welding a given material by a given 


ments or the design of the structure. Sometimes several 


methods might be used, although we are somewhat re- 


stricted in this choice. In the choice of material, a much 
greater latitude is possible. Materials of a wide variety 
of quality and composition are available, and from a 
weldability standpoint we should be able to select the 
material most suitable for the application. 

In conclusion, the work of the Welding Research 
Council on Weldability has resulted in a number of 
practical developments which, together with the efforts 
of other laboratories, provide a working basis for 
evaluation of weldability. 


HE Administrative Council of the 
Royal Scientific Institute, at its 
meeting October 4, 1948, approved 
support for the following research sug- 
gested by the Belgian Institute of Welding: 

1. Study of a simple test to determine 

the resistance of a steel to brittle 
fracture. 

2. Continuation of research on the 

measurement of residual stresses. 

Part 1 above is a continuation of work 
begun by the Committee on Steel. A 
simple industrial test is sought which 
will allow quantitative estimation of 
tendency to brittle fracture. 

As stated in an earlier issue, this re- 
search is being performed in collaboration 
with the Weldability Committee of the 
Netherlands Welding Society. The tests 
will be made exclusively on Belgian steels, 
particularly Steel A37HS, 1.58 in. thick, 
and Steel A378C, 0.79 in. thick. The 
dynamic tests will be made in Holland 
while all the statie tests will be made in 
Belgium. The majority of the Belgian 
tests will be made in the laboratory of 
Prof. Campus, University of Liege. A 
portion of the Belgian tests also will be 
made at the Materials Laboratory of the 
University of Ghent. The expenses for 
the Belgian tests are estimated to be 
300,000 franes. The research should be 
completed this year. 

Part 2 of the above program is the 
continuation of measurements made at 
the Materials Laboratory of the Uni- 
versity of Ghent to determine residual 
stresses by resistance strain gages. The 
results of the preliminary work have been 
published in this magazine. The research 
is to be continued to show how residual 
stresses vary across the thickness of a 
plate, using the same principles as for 
the surface stresses. Since it is impossible 
to solve this problem theoretically, 
numerous measurements will be necessary 
on plate 0.39, 0.59 and 0.79 in. thick. 
The program also envisions the develop- 


* Taken from Rer. de la Soudure, Brussels, No 
1, 1949. 
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Belgian Research Work 


ment of a simple apparatus for industrial 
use, 


RESEARCHES ON THE STRENGTH 
OF SPOT WELDS 


These researches are being undertaken 
by the Finn SA Electromécanique under 
the guidance of the Belgian Welding 
Institute and with the support of the 
Royal Institute. They are intended to 
complete some tests begun in 1936 to 
1939 and are concerned with thin spot- 
welded sheets in two or three sheets. 
The sheets are 0.020, 0.031 and 0.039 in. 
thick in a cold-rolled steel having a tensile 
strength of 57,000 to 64,000 psi. 


Object of the Research 


i. To complete earlier work. 

2. To determine the strength of thin 
spot-welded sheets in static tension, 
impact tension and fatigue. 

3. To combine the new results with 
the earlier results. 


Present Status of the Research 


In the earlier work the minimum sheet 
thickness was 0.039 in. The tests showed 
that buckling lowered the compressive 
strength of spot-welded sheets. Tests 
were undertaken in static tension with a 
buckling coefficient of 0.72. Combining 
the old results with the new, we arrive at 
the following conclusions: 


1. For sheets as thin as 0.020 in., the 
range of buckling coefficients that 
reduces the compressive strength 
is between 1 and 0.6. 

2. Impact tension tests are being 
made but results are not yet 
available. 

3. Fatigue tests will be undertaken 
as soon as a special fixture is built. 


RESEARCHES ON LIGHT SPOT- 
WELDED TRUSSES 


A. Tests. During 1948 static tests 


W eldability 


were made on the welded trusses. Three 
groups of pairs of trusses were tested 
In two groups the gussets and truss 
members intersected. In the third group 
the truss members (bors) were eccentric 
with respect to the theoretical intersection, 
and there were no gussets. 

B. Test Results. 1. In no instance 
was a spot weld broken. 2. For the 
three groups the maximum load was about 
four times the design load. Failure was 
by buckling of the compression flange. 
3. Buckling occurred perpendicular to 
the plane of the trusses. 

C. Tentative Conclusions. These tests 
show that it is perfectly possible, with a 
good welding machine, to make spot- 
welded trusses having the same safety 
factor under static loads as riveted, bolted 
or are-welded trusses. However, some 
difficulties remain to be overcome in the 
practical production of spot-welded 
trusses. The assembly of the truss is 
time consuming and accounts for the 
small number of tests carried out in 1948. 
All spots to be welded must be carefully 
cleaned to avoid contamination of the 
electrodes. Satisfactory results have not 
yet been obtained without this prepara- 
tion. Welding machine manufacturers 
should develop a means of avoiding the 
necessity for pickling or sanding. We 
understand that successful processes of 
this sort have been developed in the 
USA. Without such processes the cost 
of spot-welded trusses probably will be 
excessive. Furthermore, the use of a 
stationary welding machine makes it 
very inconvenient to weld the various 
spots. Portable spot welders would make 
the welding operation easier with fewer 
awkward manipulations. 

Nevertheless, so far as the strength of 
spot-welded trusses are concerned, the 
results of our tests are very encouraging, 
and we anticipate further research on 
other types of trusses in accordance with 
the original program. There is also the 
problem of the fatigue strength of spot- 
welded trusses, 
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Pearlitic Structure Effect on Brittle 
Transition Temperature 


® This preliminary study of the effect of pearlitic structure variations in low- 
carbon steel helps explain some of the differences in transition temperature of 


steels with the same chemical compositions. Material with small grain structure 


by Nicholas Grossman 


Abstract 


It has often been observed that steel plates rolled from the 
same heat or ingot may possess different impact properties. 
Since there is no appreciable variation in the chemistry of such 
steel, it is usually assumed that the microstructure is responsible 
for the variations in the mechanical properties. A plain, low- 
carbon steel plate was selected for tests to determine the effects 
of fineness of pearlite and grain size on the transition tempera- 
ture of a specimen with a given geometry. It was found that the 
material with the small grain structure and with the finest pearlite 
spacing had the lowest transition temperature. The order and 
magnitude of the lowering of the transition temperature in pro- 
ceeding from coarse to fine pearlite appeared to be about the 
same as that found in proceeding from the large to the small 
grains for this particular steel 


INTRODUCTION 


T IS common knowledge that low-carbon steels 
having identical chemical compositions may often 
possess differences in certain mechanical properties. 
This difference is not usually apparent in the or- 

dinary tensile or hardness values but may be detected 

by the ability of the material to absorb shock loads. In 
the absence of the differences in chemical analyses, an 
obvious possible source predetermining this difference 
in behavior is the microstructure, which may be different 
due to mill practice, cooling rates, ete. 
There are four variables in a given plain carbon steel 
with a pearlitic structure: 
a) the grain size, 
(b) the spacing of the pearlitic lamellae, 
c) the amount of free ferrite and 
d) the amount of carbide in the pearlite. 


These variables are not completely independent of 
each other and the range over which they can vary will 
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and with the finest pearlite spacing had the lowest transition temperatures 


Brittle Transition Temperature 


be limited by the chemical composition and mill history 
of the steel. Previous investigators have studied the 
effects of microstructure on the various mechanical 
properties, and the findings reported in this paper are in 
line with their observations.'~* (These references were 
not selected to represent a complete review of the subs 
ject, but rather as a few typical examples.) 

The aim of the present investigation was to measure 
the effect of different microstructures on a single mechane 
ical property, which is most structure sensitive: the 
ability of the metal to absorb shock loads as reflected in 
the ductile-brittle transition temperature. ‘Two of 
these variables were controlled: the grain size and the 
pearlite spacing. There was no attempt made to con- 
trol the other two variables since that was beyond the 
scope of this preliminary study. The results reported im 
this paper are thus for the stated structural treatments 
and for the particular steel tested. 


MATERIAL TEST 


A plain, low-carbon, hot-rolled steel plate was sup- 
plied by Lehigh University.* This type of steel is ex- 
tensively used in machine parts, welded structures, ship 
building and automotive industries. 


PREPARATION OF SPECIMENS 


Prior to the heat treatment of actual test bars, it was 
necessary to determine the limits between which the 
grain size and spacing in the pearlite could be varied 
and the degree to which desired combinations of these 
two variables could be reproduced. To determine the 
grain growth characteristics of this steel, samples 


* The mill history, cher and m 
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(*/in. cubes) were cut from the plate and heated to 
temperatures varying from 1500 to 2000° F. in 50° 
steps. Microscopic examination of these samples re- 
vealed that it was possible to produce only two grain 
sizes; a fine grain size with austenitizing temperatures 
between 1550 and 1750° F. and a coarse grain size over 
the range from 1850 to 2000° I’. Within these two tem- 
perature ranges, only slight variations in grain size 
oceurred. ‘The interval between 1750 and 1850° F. rep- 
resents the range over which the transition from fine 
to coarse grains took place. These results are normal 
for an inherently fine-grained, “killed”? steel, such as 
the one used in this investigation. Representative 
photomicrographs are shown in Fig. 1. 

As a result of this study, 1650° F. was chosen to pro- 
duce the fine-grained test bars and 1900° F. for the 
coarse-grained. 

A variation of pearlitic spacing was obtained by hot 
quenching a second series of cubes from the chosen 
austenitizing temperatures to a series of lower tempera- 
tures and isothermally transforming the austenite to 
pearlite at these temperatures. The hot quenching 
temperatures tried were 1050, 1100, 1200 and 1300° F. 
The transformation produced at 1300 °F. was fairly 
coarse pearlite, the spacing gradually becoming finer at 
the lower temperatures. Two holding times at the hot 
quenching temperatures were tried, 1 and 6 hr., but the 
longer time produced too much spheroidization of the 
carbide to be useful. 


Table 1—Chemical Composition and Mechanical 

Properties (As-Received) 

Mn,% P,% 8,% 
0.47 O.014 0.035 
0.48 0.012 0.039 


C, % 
0.15 
0.17 


Si, % Grain size 
0.09 5-7 
0.09 


Ladle 

Check 

Yield point, psi. Tensile strength, psi. Elongation % in 8 in. 
35,520 58,770 25.5 


In the preparation of the test bars four heat-treating 
cycles were employed: (a) heated to 1900° F., held for | 
hr., furnace cooled to 1650° F., then hot quenched to 
1300° F. and held for 1 hr. (large grain, coarse pearlite) ; 
(b) 1900° F., held for 1 hr. furnace cooled to 1650 °F., 
then hot quenched to 1100° F. and held for | hr. large 
grain, fine pearlite); (c) 1650° F. held 1 hr., then hot 
quenched to 1300° F. and held for 1 hr. (small grain, 
coarse pearlite); (¢) 1650° F. held for 1 hr., then hot 
quenched to L100° F. and beld there for 1 hr. 
The intermediate cooling step for 


small 
grain, fine pearlite). 
the large grain specimens—i.e., furnace cooling from 
1900 to 1650 ° F.—was employed to insure a variation 
in grain size while still maintaining identical cooling 
curves during the hot quenching operation; thus obtain- 
ing similar pearlitic spacing, regardless of grain size. 
The resulting photomicrographs are illustrated in Fig. 2. 

Steel bars, 5 in. long and */, in. square, were heat 
treated to produce the microstructures described above. 
As a check on the heat treatments one bar in each batch 
was sectioned and the structures compared with those 
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Austenitizing time I hr. for */«-in. samples. 


Grain size vs. austenitizing temperature. 
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of the */;-in. cubes; there was no detectable difference 
due to size effects. 

Vee notches, */s in. deep with 0.01 in. radius and 45 
included angle, were machined in the middle of the bars. 
The dimensions of the test specimens are given in Fig. 


APPARATUS AND TESTING PROCEDURE 


A detailed description of the apparatus and the ex- 
perimental technique has been given previously® and 
only a very brief outline of it is included here. 

The testing equipment is designed to load a specimen 
in simple bending at a given uniform speed and tem- 
perature and to supply a load-deflection record of the 


test. ADB-7, SR-4 electric strain gages connected in a 


LARGE GRAINS 


1900 F. for 1 hr., cooled to 1650) in furnace, hot quenched to 


1100° F., held 1 he. 


FINE PEARLITE 


1650 F. for Lhr., hot quenched to 1100° F., held L hr. 


2% 


Fig. 3 Dimensions of notched bar specimen 


bridge circuit are used to measure both the load and 
deflection. The integral parts of the apparatus include 
the loading machine with strain gages, the thermocouple 
and millivoltmeter, stop watch, electronic recorder and 
a still camera. 


The transition temperature determined is that highest 


1900° F. for L hr., cooled to 1650 in furnace, hot quenched to 
1300° F.. held hr. 


F., held 1 hr. 


1650° F. for Lhr., hot quenched to 1300 


Fig. 2. Grain sizes and pearlitic spacings of low-carbon steel specimens tested. Magnification 1500 » 
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Table 2—Summary of Results 


0.0459 
Small grain, : ‘ — 67 | 0 0232 0 092 0 252 0 00255 
coarse pearlite — 158 0.0255 16.6 0 0014 0.00330 


Specimen Transition Deflection, Time to Deflection rate, 1/Temperature, 
designation Description temp., ° F in. fracture, sec in. per sec. 1/° F. absolute 
| Large grain, 55 | 0.0125 0 092 0 136 0 00247 
} course pearlite — 133 0.0281 19.9 0 OO141 0.00306 
Large grain, fine \ 0.0272 0. 132 206 0 00266 


24.1 00190 00349 


Small grain, fine» —125 | 0.0309 0.132 0 234 0.00301 
0 0433 


23.1 0.00417 


temperature at a constant strain rate for which the 
material ceases all macroscopic ductile behavior as re- 
vealed by the load-deflection curve. 


RESULTS 

The results are summarized in Table 2. In addition, 
the logarithm of the deflection rate is plotted vs. the 
reciprocal of the absolute transition temperature (in 
degrees Fahrenheit) for the various structures tested, in 
Fig. 4. Only two deflection rates were chosen since it 
has been well established previously that the logarithm 
of the defiection rate is a linear function of the reciprocal 
of the absolute transition temperature for the metals of 
this type and in these temperature ranges.5* 


IN/SEC 


DEFLECTION RATE. 


ass. 002 0025 003 0035 004 004s 
+ 40 -127 239 
TRANSITION TEMPERATURE 
Fig.4 Logarithm of deflection rate vs. reciprocal of abso- 
lute transition temperature for various microstructures 
tested 


For more convenient form of comparison of the 
transition temperatures Table 3 lists the temperatures 
corresponding to 0.002 in. per second deflection rate; 
these values were taken from Fig. 4. 
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Table 3—Comparison of Transition Temperatures to 
0.002 In. per Sec. Deflection Rate 


Specimen Transition 
designation Description temp., °F 
B Large grain, coarse pearlite — 130 
c Large grain, fine pearlite —174 
D Small grain, coarse pearlite —153 
bk Small grain, fine pearlite —219 
DISCUSSION 


The steel investigated exhibited two distinct grain 
sizes corresponding to two austenitizing temperature 
ranges. The pearlite was produced by an isothermal 
transformation so selected as to produce one closely 
packed fine pearlite, and a coarse, more dispersed 
lamellar structure. 

The test results indicated (see Table 3) that in vary- 
ing the structure from large grains to small grains, but 
keeping the same pearlite spacing, the transition tem- 
perature decreased; also in varying the fineness of 

sarlite for a given grain size the finer pearlite showed a 
lower transition temperature, than the coarse pearlite. 
It should be noted that the term “decrease in transition 
temperature”’ is synonymous in meaning with ‘‘greater 
ductility,” or “higher impact energy,’’ depending upon 
the method of evaluation employed. 

As it is pointed out in the Introduction there are four 
variables involved in the microstructure of a low- 
carbon steel. In the present study no attempt was made 
to isolate all these variables and determine their effects 
on the brittle transition temperature. By using eutec- 
toid steel specimens under suitable test conditions it 
may be possible to eliminate the effect of the variation 
in free ferrite inadvertently encountered in the present 
study. 


r 


CONCLUSION 


The effects of grain size and fineness of pearlite on the 
brittle transition temperature of a plain, low-carbon 
steel were determined. It was found that: (1) the 
smaller grain structure has a lower transition tempera- 
ture (as found previously by other investigators’) 
(i.e., it is more ductile than the one with the large 
grains); (2) the structure with the finer pearlite has a 
lower transition temperature than the coarse one. The 
order and magnitude in changing from coarse to fine 
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pearlite happen in this case to be about the same as 
going from large to small grains, for the steel tested. 
Whether these changes in transition temperatures are 
entirely due to pearlite spacing and grain size or a com- 
bined effect of these factors as well as the amount of 
free ferrite and the carbide in the pearlite is not evident 
from this preliminary investigation. ‘Thus the results 
reported yield quantitative data for the heat treatments 
in which grain size and pearlite spacing were controlled 
without any attempt to control the other variables. 
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by J. ter Berg and G. J. van Wijnen 


INTRODUCTION 


T is known that external porosity in electric arc 
welding with coated welding electrodes is sometimes 
caused by sulphur. The sensitiveness of a certain 

welding electrode for this sulphur porosity depends 
upon the composition of this electrode. Therefore we 


may roughly make the following division into two groups: 


(a) The sulphur-sensitive electrodes where a rela- 
tively slight S addition causes external porosity of the 
bead. 

(6) The sulphur-insensitive electrodes where even 


an important S content does not cause external poros- 
ity. 

We shall restrict ourselves to the consideration of 
Group a. 


In preparing this article Mr. ter Berg became acquainted with an extensive 
and interesting article by G. E. Claussen in the January 1949 number of 
Tae Wevpine Journat. The reader will observe that Claussen’s results 
concerning sulphur are confirmed. For earlier reference to work on this 
subject the reader is referred to Philips Technical Review 7, p. 91, 1942 
At the time this article was prepared the authors were connected with 
Philips’ Glocilampenfabricken, Eindhoven, Holland 
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The Porosity of Welds 


® The distinction between sulphur-sensitive and sulphur-insensitive 


welding electrodes is considered. 
by alteration of the basic or the oxidizing character of the coating 


ter Berg, van Wijnen 


This sensitiveness may be carried 


From the experiments described below we shall see 


that the degree of sulphur-sensitiveness is determined 
in the first place by the power to eliminate the sulphur 
from the liquid metal by the slag which forms itself 
during the welding. By relatively slight alteration of 
the coating’s composition it will appear to be possible 
to obtain welds free from porosity, even with an impor- 
tant sulphur content of core wire and coating. 


ALTERATION OF THE COATING 


Two methods were applied to alter the coatings in 
order to obtain less sulphur-sensitive electrodes: 


(A) The cooting was made more basic in order to 
absorb more § in the slag. 

(B) The oxidizing power of the coating was in- 
creased in order to get rid of the sulphur in the form of 
SO». 

For the experiments electrodes were used with a core 
of rimmed steel with +0.1% C and 0.496 Mn whereas 
the coating was applied by immersion. ‘The plate ma- 
terial which was used was a St. 37 of the usual composi- 


tion. 
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(4) Increase of the Basic Character of the Coating 


To examine the influence of the coatings’ basicity, a 
coating was used containing in addition to dolomite a 
quantity of quartz. By increasing the dolomite at the 
expense of the quartz, there were successively ob- 
tained three kinds of welding electrodes. 

With these electrodes there were then made (the same 
as in the following experiments) various layers one 
upon the other on a strip, such as to obtain a convenient 
thickness of deposited metal. For analysis samples, 
material was only taken from the upper layers; hence 
the composition of the elemental material could have no 
influence on the analysis. 

In Table | are given the coatings which are used and 
the analysis obtained. 


Table 


Dolomite 5 15 25 
Quartz 20 10 
a Iron oxide 25 25 
i Metal powder 25 25 
i Remainder + binder 15 15 


5 content of the deposited metal 0.090 0.085 0.079 
S content of the slag 0.093 0.108 0.133 
Distribution ratio 1.0 1.3 Be 


Furthermore the electrodes were “poisoned”’ for this 
test by addition of 19% FeS to the coating. As the table 
shows, the S content of the deposited metal decreases 


and seems to be absorbed, for a very great part, in the 


: slag. As a consequence thereof we see that the distribu- 
tion ratio which represents the proportion of the 5 per- 
‘ centages in slag and metal, increases. 
| When making welding experiments it appears now 
; indeed that the 8 sensitiveness has decreased. 
: Figure | shows photographs of the three welding ex- 
5 periments which clearly demonstrate this course. The 
bead a shows besides great porosity a crack, the ap- 
pearance of which is also in connection with the S con- 
tent. 


(B) Increasing of the Oxidizing Power of the 
Coating 


The increasing of the oxidizing power also seemed, as 


supposed, to diminish the 8 sensitiveness. 


Table 2 gives the employed welding electrode coatings 
and the analysis obtained. 


The oxidizing power of the coating was obtained by 


substituting iron oxide for the iron powder. 


Table 2 

d f 
[ron oxide 0 20 50 
Iron powder 50 30 0 
Quartz 20 20 20 
Remainder + binder 20 20 20 
S content of the metal 0.091 0.079 0.070 
S content of the slag 0.098 0.090 0.078 
Distribution ratio 11 11 
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Figure l 
Type a (top); Type b (middle); Type ¢ (bottom) 


For this experiment the electrodes were also poisoned 
by introducing 1° FeS in the coating. 

Again we see clearly a decrease of the 8 content in the 
deposited material whereas welding experiments gave 
also similar results as has been shown in Fig. 1f. 

We may observe that, in opposition to the results 
quoted in (A), the S content of the slag decreases as a 
consequence of the fact that, because of the strongly 
oxidizing power of the coating, much of the sulphur dis- 
appears as SOQ.. Indeed there can be shown an im- 
portant quantity of sulphur-oxygen combinations in the 
escaping welding gases. 

Hence, after having stated that by increase of the 
basic character or the oxidizing power of the coating the 
desulphurization of the metal and therewith the S in- 
sensitiveness is aided, it will be clear that the combina- 
tion of these two means must be extremely effective. 

Indeed, this has been distinctly observed during a 
following series of experiments, of which the coating 
compositions and the attained sulphur contents are 
given in Table 3. 


Table 3 


h 
Iron oxide 0 20 60 
Iron powder 60 Ww 0 
Magnesite 5 15 
Kaolin 15 15 15 
Remainder + binder 10 10 10 


S content of the metal 0.108 0 OS7 0 O56 
S content of the slag 0080 0.143 0.162 
Distribution ratio Os 1.6 2.9 


The electrodes were again poisoned with 1°6 FeS in 


the coating. 


typical for S holes; the porosity caused by carbon which is to be deseribed 
later, shows a totally different character. 
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Figure 2 


Coating « has besides its basic characteristics a 
strongly oxidizing power. The desulphurization is very 
strong and the distribution ratio mounts even to a 
value 2.9. 
welding with this electrode, that no porosity shows it- 
self, even when the plate material, the coating or the 


It appears, as was to ,be expected when 


core Wire contain a rather important quantity of sulphur. 
Thus there are reproduced in Fig. 2 photographs of 
two fillet welds on free-cutting steel (S + 0.3%). 
The bead with a welding electrode of Type b shows 
again the typical sulphur holes whereas the other weld 
made with Type 7 is entirely sound. 


Final Report Weld Stress Committee 


E, Chapman, Chairman 


HE Weld Stress Committee was authorized in 
February 1936, under the Chairmanship of Everett 
Chapman. The early instructions to the Committee 
were to study Weld Stresses, their causes, effects 
and the behavior of materials and welds under multi- 
axial stresses. In the light of present day knowledge it 
would be recognized that this assignment represented 
an almost impossible task for any single committee. 
Almost from the very beginning it was recognized that 
there was a serious overlapping in the scope of the Weld 
Stress Committee and a newly formed Weldability Com- 
mittee. By arbitrary definition it was decided that the 
scope of the Weldability Committee would cover the 


This report was prepared largely by W. Spraragen, Secretary Weld Stress 
Committee, with the cooperation of other members of the Committee 


JUNE 1949 


effects of welding during the process of making and 
cooling of the weld down to ambient temperature. Prob- 
lems relating to the behavior of the weld after it cooled, 
would fall within the scope of the Weld Stress Com- 
mittee. 

Some of the stress experts, even as far back as 1943, 
prevailed upon the Committee to break the problem 
down into two additional parts, namely, the study of 
the behavior of metals under multiaxial stresses, and the 
behavior of residual stresses in different structures under 
different service conditions. 

Great credit is due to the Committee, and particu- 
larly its Chairman, in the very early days in an attempt 
to hold the Committee down to fundamental investiga- 
tions rather than to attempt to pursue interesting by- 
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paths in measuring residual stresses in specific struc- 
tures. This stand was particularly difficult at that time 
because the Council received offers for special financing 
of specific applied investigations but was practically 
unable to raise any funds to carry out investigations of 
a more fundamental nature. 

It should be realized that at that time the uppermost 
thought in the minds of experts was that residual 
stresses were directly responsible in one way or another 
for the occasional unexplained failures which took place 
in welded structures. 

The impetus of the war brought about the necessity 
for tackling some of these problems on a much larger 

sale than was dreamed of in the early days of the for- 
mation of the Committee. It should be noted that even 
in these early days attempts were made to differentiate 
between the different types of residual stresses, namely, 
those that were local in nature due primarily to the 
heating and cooling of localized areas, and those which 
were due to actual connections of members in a given 
structure. The more local residual stresses were termed 
“residual stresses,” and the more general residual 
stresses were termed “reaction stresses.”’ 

As a result of all of this discussion and much pre- 
liminary work the Committee formulated a program 
which was published in October 1944. The details of 
this program are reproduced herewith: 


1. Residual Stresses Produced by Various Welding 
Procedures— Massachusetts Institute of Tech- 
nology. 

2. Behavior of Steel under Conditions of Multiaxial 
Stress and Repeated Loading—lIllinois Insti- 
tute of Technology. 

3. High Speed Rotating Disk Project—Mechanical 
Engineering Dept., Massachusetts Institute of 
Technology. 

4. Investigation on the Inherent Strength and 
Ductility of Steel under Conditions of Multi- 
axial Tension Present in Welded Structures— 
Case Institute of Technology. 

Spherical Shells Subjected to Static Pressures— 
Pennsylvania State College. 

6. Peening Program—American Bureau of Ship- 

ping. 

7. Studies of the Flow, Fracture and Relaxation of 
Steels under Combined Stresses at High Tem- 
peratures—Westinghouse Electric Corp. 


ou 


Inasmuch as this represents a final report of the Com- 
mittee, it will be necessary to trace the disposition of 
each one of these proposals. 

A comprehensive statement was prepared by some 
members of the Committee entitled “The Weld Stress 
Problem” which was published in the June 1945 issue of 
the Welding Research Supplement. 


CONCLUSIONS 


As a result of the work done by the Weld Stress Com- 
mittee, by corresponding government agencies and by 
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private individuals, the following general conclusions 
seem warranted at this time. 

1. Stress corrosion specimens and the relaxation of 
weldments by machining indicate residual stress sys- 
tems of considerable magnitude in welded structures. 
The relaxation of weld stresses by machining and its 
effect on stress corrosion can be demonstrated in the 
laboratory. 

2. The detrimental effect as originally attributed to 
residual stresses in the useful life of a structure has not 
been established, although it is generally conceded that 
reaction stresses may progress a crack once initiated 
regardless of the cause—sometimes this elastic stored 
energy in a large structure may propagate a crack with 
explosive violence. 

3. Stress relieving treatments, particularly thermal, 
have been proved to be beneficial in so far as the quality 
of a welded joint is concerned, and are still considered a 
necessity in many structures, as, for example, pressure 
vessels, machinery parts and the like. The beneficial 
effects are not primarily due to reduction of residual 
stresses, but rather to improvement of metallurgical 
structure, dimensional stability in machining operations 
and reduction in stress corrosion potentialities. 

4. Preheating, peening, local stress relief and genera! 
stress relief, sequence of welding and similar devices, 
are known to be advantageous in preventing cracking on 
cooling, in minimizing and controlling distortion and in 
bringing about more desirable redistribution of stresses. 

5. High concentrated stresses are always coincident 
with failure of a structure. They are usually multiaxial 
in nature and hence the great majority of investigations 
should be turned to the problem of plastic flow and 
fracture of metals under conditions that produce the 
gamut of failures from shear to cleavage. 

6. It has been established by many investigators 
that design and workmanship which result in stress 
raisers and obstructions to the ductile behavior of 
metals are the most important elements in failure. 

7. Next to design and workmanship, it is agreed that 
the notch sensitivity of steel at low temperatures is 
the most important consideration that must be taken 
into account in rigid welded monolithic field erected 
structures. 

8. A concept of the inter-relation of rate of loading, 
temperature and degree of constraint for any particular 
steel and under any given set of conditions is now avail- 
able. The importance of transition temperature of 
steel has been emphasized. 

9. The desirability of avoiding metallurgical 
damage to steel during the fabricating process is gen- 
erally conceded. 

10. Many believe that the problems of stress cor- 
rosion and strain ageing are closely inter-related and are 
materially affected by the quality of steel, methods 
and procedure of welding. 

11. Fracture where localized stresses are high will 
not take place if sufficient plastic flow can occur to 
sculpture the abrupt change of contour and strengthen 
the critical metal by work hardening. 
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SPECIFIC PROJECTS 


(1) Residual Welding Stresses—Massachusetts 
Institute of Technology 


The original program of the M.I.T. group of in- 
vestigators was started under the University Research 
Committee. It was concerned with the development 
of the X-ray diffraction technique for measuring re- 
sidual welding stresses and the change in the residual 
welding stress pattern with different types of stresses. 
In the first program, the X-ray diffraction method was 
perfected for measuring surface stresses. <A stress 
pattern was induced by heating a test specimen in the 
jaws of a spot welding machine. Upon application of 
tension load the pattern changed and peak residual 
stresses were ironed out as application of load brought 
the combined residual and load stresses above the 
plastic flow point of the metal. The same thing hap- 
pened in fatigue where the first few cycles of stress re- 
duced the residual stresses. Specimens with and with- 
out residual stresses, therefore, behaved almost iden- 
tically in fatigue loads. The investigation was enlarged 
to obtain a clear picture of the residual stress situation 
both at the surface and interior of weldments prepared 
under controlled conditions of welding. A number of 
very valuable papers were published in the Welding 
Research Supplement as the result of this research work. 
A list of these reports is as follows: 

“X-ray Methods of Studying Stress Relief in Welds,” 
by J. T. Norton, October 1937, pp. 19-22. 

“Stress Measurements in Weldments by X-rays,”’ 
by J. T. Norton and Blake M. Loring, June 1941, pp. 
284-s to 287-s. 

“An Investigation of the Behavior of Residual 
Stresses under External Load and Their Effect upon 
Safety,”’ by J. T. Norton and D. Rosenthal, February 
1943, pp. 63-s to 78-s. 

“A Method of Measuring Triaxial Residual Stress in 
Plates,”’ by D. Rosenthal and J. T. Norton, May 1945, 
pp. 295-s to 307-s. 

“X-ray Diffraction Study of Notch Bend Test,’’ by 
J. T. Norton, D. Rosenthal and 8S. B. Maloof, May 
1946, pp. 269-s to 276-s. 

“Critical Review of Weld Stress Problem,” by J. ‘11 
Norton and D. Rosenthal, May 1946, pp. 277-s to 
282-s. 

“X-ray Diffraction Study of the Effect of Residual 
Compression on the Fatigue of Notched Specimens,” 
by J. T. Norton, D. Rosenthal and 8S. B. Maloof, 
November 1946, pp. 729-s to 735-s. 


(2) Behavior of Steel under Conditionsof Multiaxial 
Stress and Repeated Loading—lIllinois Institute 


of Technology 


The Committee designed and built a machine for 
producing biaxial fatigue stresses in hollow tubes. As a 
result of this investigation it was demonstrated that the 
behavior of steel under biaxial fatigue stresses was not 
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much different than under uniaxial fatigue conditions, 
and that residual welding stresses did not materially 
affect the results. Anisotropy is the major factor in 
lowering the endurance limit some 15° when stresses 
in the transverse direction are predominant. The 
fatigue strength of welded material is about 15% less 
than for unwelded material. 

A report was published as follows: “Biaxial Fatigue 
Strength of Low-Carbon Steels,’ by George K. Mori- 
kawa and LeVan Griffis, March 1945, pp. 167-s to 
174-s. 


(3) High Speed Rotating Disk Project—Massachu- 
setts Institute of Technology 


One of the greatest problems confronting investiga- 
tions in this field is to obtain an inexpensive specimen 
for producing biaxial stresses. In the past such speci- 
mens usually were either hemispheres or tubes. The 
Weld Stress Committee designed a high speed rotating 
disk for studying plates up to 2 in. in thickness and 27 
in. in diameter. This would enable the Committee to 
produce biaxial tension in thick plates with and without 
residual stresses, and by notch effects to also produce a 
considerable amount of triaxiality. The project was 
delayed during the war because of lack of materials. 
After the war the project was continued and an actual 
rotating spinning disk was developed to the point of 
fracture. A description of the machine and results of 
several specimens are described in the following paper: 
“Developments in High-Speed Rotating Disk Research 
at M.I.T.,” by C. W. MacGregor and W. D. Tierney, 
June 1948 Supplement, pp. 303-s to 309-s. 

Inasmuch as the Committee has been in the process of 
liquidation for the past couple of years it was decided 
to transfer this project to the Ship Structure Commite 
tee. This Committee represents three governmental 
agencies, namely, U. S. Navy, U. S. Maritime Come 
mission and U. S. Coast Guard; also the American 
Bureau of Shipping. This Committee was badly in need 
of this type of facilities for examining notch sensitivity 
of steel at various temperatures. Work will be con- 
tinued and made available to the Council. This appara- 
tus will be useful to any committee which is organized 
to study the plastic flow and fracture of metals at a later 


date. 


(4) Investigation of the Inherent Strength and 
Ductility of Steel under Conditions of Multi- 
axial Tension in Welded Structures—Case 
Institute of Technology 


To evaluate the strength and ductility of a weld it is 
necessary to determine the properties of its component 
parts, and the effect of welding on the assembly sepa- 
rately. This investigation showed that two zones of low 
ductility may be present in manually welded plates, one 
at the weld center line, and a second in the subcritically 
heated parent metal. The latter point also indicated a 
relatively higher transition temperature. A stress re- 
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lieving treatment at 1150° restored the ductility in these 
brittle zones. Published papers are: 

“Distribution of Strength and Ductility in Welded 
Steel Plate as Revealed by the Static Notch Bar Ten- 
sile Test,” by W. F. Brown, Jr., L. J. Ebert and George 
Sachs, October 1947, pp. 545-s to 554-s. 

“Effects of Section Size on Static Strength of Mild 
Steel Plates,’ by W. F. Brown, Jr., J. D. Lubahn and 
L. J. Ebert, October 1947, pp. 554-s to 559-s. 


(5) Spherical Shells Subjected toStatic Pressures— 
Pennsylvania State College 


The purpose of this investigation was to determine 
the mechanical properties of a semikilled pressure vessel 
steel, of more typical thickness dimensions, when 
stressed in biaxial tension at subnormal temperatures. 
For this purpose spherical shell specimens were subjected 
to internal pressure up to rupture. The mechanical 
properties determined include the plastic stress-strain 
relations, yield, ultimate and fracture strengths and 
ductility. In these tests a combined state of stress was 
produced consisting essentially of biaxial tensions of 
equal magnitude with a small compression caused by 
the internal pressure in the thickness direction. 

A comparison of the true plastic stress-strain relation 
with the theoretical values shows that for the room tem- 
perature test the Generalized St. Venant Theory gives 
a good approximation of the test results. The yield 
strength, and the true and nominal ultimate strengths 
in the room temperature test are in approximate agree- 
ment with the Shear Stress Theory of strength if the 
value of the internal pressure is taken as the stress in the 
thickness direction. The nominal ultimate strength in 
this test was about 87° of the tensile strength of the 
material and about 96° % of the value that would be 
predicted using the Shear Stress Theory. 

The ductility values based on wall thickness measure- 
ments for the room temperature test were found to be in 
good agreement with the Generalized Theory. De- 
creases in temperature showed a reduction but not a 
regular trend in combined stress ductility values. The 
fractures were of the cleavage type at the lower temper- 
atures but real brittleness was not encountered as long 
as the fractures did not originate in the region of a 
joint 

The results of these tests show, however, that a 
noteh effect such as may result from defective work- 
manship in a joint can be the nucleus for initiating a 
very brittle fracture under biaxial stresses at low tem- 
peratures. Whether such a notch or flaw is a greater 
potential hazard than it would be under uniaxial stress 
in plates of similar size at these temperatures has not 
been sufficiently determined. This report was published 
in the Dec. 1948 issue of the Welding Research Supple- 
ment, pp. 593-607. 


(6) Peening—American Bureau of Shipping 


The main objective of this investigation was to de- 
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velop a scientific procedure whereby peening could be 
definitely controlled, optimum conditionssuchas size and 
shape of peening tool, rate of travel and temperatures for 
peening determined, and to prove, or disprove, the 
validity of Code requirements in connection with the 
elimination of peening in the first and last layers. A 
hunt for a suitable laboratory extended over a period of 
several years and the Committee is happy to report that 
the American Bureau of Shipping has agreed to under- 
take the work. Steel has been ordered, a program laid 
out, and the investigational work will be shortly 
started. It is planned to continue the work of this Sub- 
committee after the main Weld Stress Committee is 
discharged. 


(7) Studiesof the Flow, Fracture and Relaxation of 
Steels under Combined Stresses at High Tem- 
peratures 


Proposals along these lines were made by a prominent 
laboratory connected with an industrial company, and 
work along these lines will be carried out by that com- 
pany. 


OTHER ACTIVITIES OF THE COMMITTEE 


Probably the greatest single accomplishment of the 
Weld Stress Committee was the concentration of 
thought by the experts of that Committee on the general 
problem of Weld Stresses and the Flow and Fracture of 
Metals in rigid monolithic welded structures. It is ex- 
pected that some day, either under the auspices of the 
Welding Research Council or under other auspices, 
programs will be started in the flow and fracture field. 
As a beginning in this direction the Council has pub- 
lished two comprehensive digests of available informa- 
tion on this subject, one carried out under its own 
auspices by Dr. J. H. Hollomon entitled, “The Problem 
of Fracture,”’ published in the September 1946 issue of 
the Welding Research Supplement, pp. 534-583, and the 
other by Maxwell Gensamer, Edward Saibel and John 
T. Ransom, under the auspices of the Navy Depart- 
ment, entitled ““Report on the Fracture of Metals,’’ pub- 
lished in the August 1947 issue of the Supplement, pp. 
443-454. 

Great credit is due to the many able investigators 
participating in the work of the Weld Stress Committee, 
and to the large number of committee members who 
gave their time and thought to the subject. Credit is 
also due to the financial contributors, a partial list of 
whom is as follows: 

American Bureau of Shipping, American Tron and 
Steel Institute, Babcock and Wilcox Co., Chicago 
Bridge and Iron Co., Climax Molybdenum Co., Com- 
bustion Engineering Co., Griscom Russell Co., General 
Electric Co., New York Shipbuilding Co., Pullman 
Standard Car Manufacturing Co., Southern California 
Gas Co., and Todd Shipyards Corp. 
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Welded 


by C. B. Voldrich 


Abstract 


Tests of argon-are welds in 1'/,-in.-thick 38 plate showed that 
the welded joints had tensile strength properties equal to those of 
the parent material, even at liquid-nitrogen temperature (—320 
F.). Tests of argon-are welds in several types of high-strength, 
heat-treatable aluminum alloys, in plates 1'/2 in. thick, showed 
that sound welds can be made with some of the available filler 
metal alloys. In certain cases, these welds have tensile strengths 
approaching those of the heat-treated parent material, but it is 
indicated that additional work will be required to produce weld 
metals with Satisiactory ductility and response to heat treatment. 
This may depend on improved welding technique or on the de- 
velopment of better filler metals. 

The influence of the welding heat on the properties of the heat- 
treated aluminum-alloy plates, in regions remote from the weld 


area, is also discussed 


INTRODUCTION 


INTIL a few years ago, the welding of thick plates 
and shapes of aluminum into major structures was 
ararity. However, wartime experiences and de- 

mands, new developments in chemical and me- 

chanical engineering, the increasing availability of alumi- 
num-alloy plates and shapes in thicker and stronger 
sections, and the advent of some new welding tech- 
niques, have raised the welding of thick aluminum see- 
tions from the specialty class to the level of the prac- 
ticable, desirable and oftentimes indispensable engineer- 
ing procedure. The designer of aluminum structures 
now deals with section thicknesses of 1, 2 and even 6 in.; 
he looks forward to weld-joint tensile strengths of 
30,000, 50,000 and even 70,000 psi., and to joint 
efficiencies of 80°; or more; he designs thick-section 
aluminum weldments for pipe lines, bridge trusses, 
pressure vessels, airplane wings, vehicle and machinery 
frames and the like, whenever the engineering and eco- 
nomic considerations call for special attention to factors 
such as weight saving, structural stability, corrosion 
resistance to certain media, heat-transfer character- 
istics and low-temperature strength properties 


C. B. Voldrich is Chief Welding Engineer at Battelle Memorial Institute 
Columbus, Ohio 


This paper was presented at the Petroleum Conference of the American 
Society of Mechanical Engineers in Amarillo, Tex., on Oct. 5, 1948 and at the 
Western Metals Congress, Los Angeles, April 13, 1949 
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Joints in Thick Aluminum Plates 


® Argon-shielded arc welds in 1'/, in. thick 3S plate can 
be produced equal in tensile strength to parent metal 
even at extremely low temperatures. 
strength, heat-treated alloys further research is needed 


In welding higher 


At Battelle Memorial Institute, research on this 
general problem began in 1946 with a survey, for the 
Army Ordnance Department, on the industrial status of 
thick aluminum welding. The results of this survey* 
showed, not unexpectedly, that in 1946 there was very 
little fabrication by welding of aluminum plating thicker 
than */, in., and no information on the weldability and 
weld-joint strength of the heat-treatable alloys, except 
for thin sheet and plate. Following this survey, the 
Ordnance Department authorized a research investie 
gation at Battelle on the welding of aluminum-alloy 
plates in thicknesses 1 in. and over, which is still im 
progress. 

At about the sarae time, new developments in svne 
thetic gasoline manufacture, and in the design of oxy- 
gen-manufacturing equipment to be operated as a part 
of the synthetic fuel process, brought about the need for 
more extensive research on the welding of aluminum 
plating for thick-walled pressure vessels, heat exchang- 
ers and similar equipment. Partially as a consequence 
of these developments, two additional projects on alu 
minum welding were begun at Battelle: one for the 
Stacey Brothers Gas Construction Co., on welding 
techniques and the properties of welded joints in thick 
aluminum plates; and the other for the Air Reduction 
Sales Co., on the development of new welding processes 
for thick aluminum plating. 

This paper deals with the results of some of the work 
conducted on the three projects, chiefly that concerning 
the strength properties of welds in thick plates. After a 
description of the alloys tested, and of the welding tech- 
niques used, the strength data are presented in two sec- 
tions: (1) tests of welded joints for low-temperature 
service, and (2) tests of welds in high-strength alloys. 

The author appreciates the courtesy of the U. 38. 
Army Ordnance Dept., the Stacey Brothers Gas Con- 
struction Co., the Air Reduction Sales Co. and Battelle 
Memorial Institute in permitting the preparation of this 
account of the research, and wishes also to acknowledge 
the contributions of R. D. Williams, P. J. Rieppel, C. M. 
Craighead, L. K. Birinyi, H. B. Cary, A. R. Meyer, P. 


Report No. PB- 


* “Survey on Welding of Aluminum and Magnesiun 
erce, Washington 


78712, Office of Technical Services, Department of Com 
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L. Mirolo and others of the Battelle staff who partici- 
pated in the work. 


THE MATERIALS TESTED 


Aluminum Plates 


The base materials used in the welding tests were 
1' .- and 2-in. rolled plates of the strain-hardening alloy 
38 and the heat-treatable alloys 248, 61S and 75S.* 

The 38 plate is available in several tempers (i.e., 
conditions of hardness, strength and ductility), which 
are produced by suitable combinations of cold working 
and annealing during the rolling of the plate. In very 
thick sections, only a limited amount of cold rolling can 
be done, and the thick plates are therefore normally 
available only in the lower strength ranges. When 
strain-hardened 38 plate is heated to about 600° F., it 
reverts to the annealed, low-strength condition. A 
slight amount of annealing will occur even at lower 
temperatures, down to about 400° F. Since in welding 
there is a base-metal zone, adjacent to the weld, which 
is heated to 400° F. and above, the strength of this zone 
is less than that of the prime plate. Consequently, the 
design strength of most 38 weldments is based on the 
properties of the material in the annealed condition 
(38-0). 

The high-strength, heat-treatable alloys, such as 
248, 61S and 75s, derive their strength properties from 
the presence, in the aluminum matrix, of hardening con- 
stituents such as copper, magnesium, silicon and zine, 
and compounds of these elements with each other and 
with aluminum. The _ principal improvement in 
strength and hardness is obtained by heat treating the 
aluminum alloy in a manner which produces the opti- 
mum particle size and distribution of the hardening con- 
stituents. In some of these alloys, an additional 
strengthening may be produced by an addition of cold 
working during the heat-treating process. The final 
stage in the heat treatment is an aging at low temper- 
ature, ranging from room temperature to about 375° F. 
Subsequent heating to higher temperatures will cause 
“overaging’’ or even annealing, with a decrease in 
strength. In welding, such higher temperatures ol.- 

tain, but usually for a relatively short time. Conse- 
quently, the overaging in the base-metal zone adjacent 
to the weld may not be very great, particularly in those 
alloys whose optimum aging temperature is on the high 
side, and whose aging response is sluggish. 

The properties of the heat-affected zone in the high- 
strength alloys may be restored by a suitable heat treat- 
ment of the weldment. However, most of the — 
metals now available produce weld metals which, 
either the as-welded or heat-treated condition, are not 
so strong as the base metal, and whose ductility is low 
at the higher strength levels. Consequently, the weld- 
joint strength is governed by the strength of the weld 
metal, and the problem of the heat -affected zone in the 


* All designations of aluminum alloys are in accordance with the 1946 
nomenclature of the Aluminum Company of America, unless otherwise 


indicated 
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Table l—Nominal Chemical Composition of Aluminum 
Alloys* 


———————Composition, % ———-— 
Alloy Cu Mg Mn Cr Si Zn Al 
38 1.2 Rem. 
248 4.5 1.5 0.6 ; Rem 
615 0.25 1.0 mr 0.25 06 Rem. 
758 1.6 2.5 0.3 5.6 Rem. 


* Data from “Alcoa Aluminum and Its Alloys,” 1947. 


base metal will become important only when weld met- 
als are obtained which match the base metal in 
strength.* 

Table 1 gives the nominal chemical compositions of 
the types of aluminum plate investigated, and Table 2 
shows the strength properties of the 1'/:-in. plates 
actually used in the tests. The 2S and 3S plates were 
in a cold-worked condition, though not to the hardness 
and strength attainable in thinner plates and sheets. 
The 61S and 75S alloys were available in two condi- 
tions—Condition W, plates quenched from the solution- 
treating temperature but not subsequently aged; and 
Condition T, plates solution heat treated, quenched, 
and then aged at the optimum temperature. The 
248-T plate was available only in the aged condition. 

The heat-treatable alloy plates were fabricated spe- 
cially for the welding research work, and for research at 
other laboratories on the strength properties of thick 
plates. Since the processing of these plates did not 
conform to that used for the commercial product, this 
difference has been indicated by the use of the prefix 


“ape 


2” in all designations of these alloys. 


Filler Metals 


The welding rods used in the preparation of the test 
specimens were plain aluminum, 28; the 5°% silicon 
alloy, 438, which at present is the most extensively used 
filler metal; a 10% silicon—4°% copper alloy, 716, which 
heretofore has been employed principally as a brazing 
alloy; and the more complex 248, 618 and 75S alloys. 


* This does not hol i for weld joints in thin sheet and plate, in which a full 
weld bead or reinforcement is retained, and whose weld metal is entirely or 
largely the melted base metal. 


Table 2—Strength of 11/2 In.-Thick Rolled Plates of 
Various Aluminum Allovs* 


Ultimate 
Yield tensile 
strength, strength, Elongation 
Alloyt pst. pst. 8in., % 
8,000 14,000 30 
9,000 18,000 28 
18,000 35,000 25 
38,000 45,000 16 
47,000 76,000 17 
54,000 78,000 13 
72,000 82,000 9 


* Tension tests of full-thickness unwelded flat-bar specimens. 
+t W temper—solution heat treated only (quenched condition ) 

T tem er—solution heat treated and precipitation heat treated 
?>refix 


or aged. ’ denotes specially rolled plate. 
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The 28 filler metal was chosen for the preparation of 
the welds in 3S plate because the design requirements 
called for the maximum possible ductility in the weld 
joint. The 438 alloy was considered for this work, be- 
cause it has better welding characteristics than 28 and 
produces stronger welds; but it was not used on account 
of its relatively lower ductility. 

The initial experiments with the heat-treatable alloys 
were made using 43S and 716 filler metals, because these 
were the only commercially available wires, and because 
considerable welding of the higher strength alloys, in 
thinner sections, was being done with the 435 metal. 
Prior experience indicated, however, that these filler 
metals probably would not produce welds with high 
strength and ductility, except perhaps after heat treat- 
ment. Additional weld specimens were therefore made 
using filler metals of the same composition as the base 
plates. While reports of other investigators indicated 
that these filler metals did not have the most favorable 
welding characteristics, chiefly as regards their tendency 
toward cracking, it was felt that the results of such tests 
would form a good basis for subsequent research on 


other filler-metal compositions. 


THE WELDING METHOD 


For aluminum plates thicker than about 1/2 in., the 
number of practicable welding processes narrows down 
to three—metal-are welding with flux-covered alu- 
minum electrodes, carbon-are welding with a separate 
filler rod and flux, and tungsten-are welding in an inert- 
gas shield with a separate filler rod and no flux. 

At the start of the Battelle investigations, all three 
processes were tried. While each method showed cer- 
tain advantages, the indications were that, considering 
factors such as ease of training welding operators, ease 
of welding, visibility of the work, cleaning of the fin- 
ished weld, and quality of the weld metal, the inert-gas- 
shielded tungsten-are process was most suitable for 
thick aluminum welding. Consequently, the tungsten- 
are method has been used in most of the more recent re- 
search, and all of the weld specimens described in this 
report were made by that process. 


The Argon-Arc Welding Process 


Figure 1 shows the essentials of the inert-gas-shielded 
tungsten-are process (hereafter called the argon-are 
process) used in the Battelle investigations. The work 
and the filler rod are melted together under an electric 
are between the work and a tungsten electrode, with the 
are, electrode tip and molten weld pool shielded from 
the air by a gentle stream of helium or argon issuing 
from the gas nozzle. 
nozzle may be in the form of a “torch’’ for manual weld- 


The tungsten electrode and gas 


ing, or may be attached to a carriage for mechanized 
welding. 
less than about 200 amp., direct current (electrode pos- 


For smaller work which requires currents 


itive) is generally used; but for thicker plates, which re- 
quire welding currents of 300 to 609 amp., it is necessary 
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Fig.1 Schematic diagram of torch for inert-gas tungsten- 
arc welding 


to use alternating current to avoid overheating and 
melting of the tungsten electrode. No chemical flux is 
used on either the workpieces or the filler rod, but it ig 
desirable that the surfaces of both the rod and the weld 
joint be well cleaned before welding begins. 

To aid in starting the are, and to improve are stability 
during welding, a high-voltage, high-frequency current 
may be superimposed on the welding current. Auto» 
matic devices are now available which turn on the high- 
frequency current only when the tungsten electrode is 
first touched to the work, or the are is momentarily ex- 
tinguished during welding. 

When alternating current is used in the argon-are 
welding of aluminum, there is a partial rectification of 
the current which is reputed to have an undesirable in- 
fluence on the ease of welding and on weld quality, and 
which may cause an overloading of the welding trans- 
former. This rectification may be eliminated or re- 
duced by various means such as capacitors or direct- 
current storage batteries in the welding circuit, or it 
may be offset by using transformers with suitable 
characteristics, including high open-circuit voltage. 

Figure 2 shows the manual argon-are welding of a 
single-vee joint in thick 38 plates. 


Preheat Requirements 


One of the essential requirements for the argon-are 
welding of thick aluminum plates is that they be pre- 
heated either locally in the region of welding, or over 
the entire plate area, and that this temperature be 
maintained during the deposition of all the beads or 
layers in the weld joint. This is not done to prevent 
undesirable heat effects in the parent plate (as is the 


ROO 
= 


Fig. 2) Argon-Are welding of thick aluminum plates 


case in the welding of air-hardening alloy steels); the 
purpose is to prevent chilling of the weld pool, which 
occurs in aluminum very readily because of its high heat 
conductivity. If the plates are too cold, the progress of 
welding is very slow, and it is difficult to maintain the 
proper weld-metal flow and fusing action between the 
molten metal and the side walls of the joint. 

The preheats usually recommended for thick alu- 
minum plates vary from 200 to 500° F., depending on the 
welding process used and the amount of heating energy 
available at the are. In the present tests, preheats of 
300 to 400° F. were found satisfactory, and conformed 
to the present practice in many production operations. 
The values 300 and 400° F. reported are nominal ones, 
which represent the average temperature over the en- 
tire weld assembly during the 2 or 3 hr. required to 
make a complete weld. Near the weld joint, the plate 
temperature increased for a short while to 500 or 600° F. 
as each weld bead was deposited. Between weld beads, 
sufficient time was allowed for the weldment to cool 


down to the average preheat temperature. 


STRENGTIL PROPERTIES OF WELDED 
JOINTS FOR LOW-TEMPERATURE 
SERVICE 

One of the important recent applications of thick- 
plate aluminum weldments is in the construction of 
pressure vessels, containers, heat exchangers, piping, 
Most of this 
equipment is for service at relatively low pressures, at 


ete., for oxygen-manufacturing plants. 


temperatures varving cyclically from room temperature 
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to that of liquid nitrogen (—320° F.). Because alu- 
minum is among the metals which do not lose strength 
and ductility at low temperatures, and for various other 
reasons, it was selected as the material to be used in the 
construction of oxygen-processing equipment. Since 
the most efficient designs of this equipment called for 
structures whose major parts are joined by welding, it 
Was necessary to determine (1) if the thick plates re- 
quired could be welded, (2) which among the available 
welding processes and techniques were most suitable for 
this work and (3) the mechanical properties of the weld 
metals and weld joints at the various service temper- 
atures. 

The aluminum-manganese alloy 35 was chosen as the 
plate material, and plain aluminum, 28, as the filler 
metal for welding, because experience with thinner 
materials had shown that satisfactory weld joints with 
very good ductility, although at a relatively low yield 
strength, could be produced with these metals. Fur- 
thermore, with these common alloys there was no need 
for concern about the effect of the welding heat on the 
strength of the plate, since the designs were to be based 
on the strength of the 35 plate in the full-annealed 
condition. 

(Subsequent research indicates that some of the 
higher strength alloys, notably 618, can probably be 
used for this class of weldment. However, very little is 
yet known about the low-temperature properties of 
welds in 618, and lower ductility in the weld metal has 
to be accepted. It is not practicable to use the low- 
strength weld metal, 2S, in the higher strength alloys 
because the joint efficiency would be very low; higher 
strength alloys such as 438 and 716 are used as filler 
metals, and these, while having a higher yield strength 
than 28, have lower ductilities. 
experience with the thick-walled equipment is accu- 
mulated, the somewhat lower ductilities of the alloy weld 


It is probable that, as 


metals will be acceptable.) 


Preparation of Weld Specimens 


Thick plates of 38 aluminum alloy were welded using 


-ALL-WELD-METAL 
TENSION 
TRANSVERSE 
i TENSION 
FULL-THICKNESS 
|— TENSION 
=] SPECIMENS 


FACE, ROOT AND 
~ SIDE - BEND SPECI- 
MENS 


30° SINGLE -VEE, 34" ROOT OPENING 


| \-v2" OR 2" 


GROOVED COPPER BACKUP 


Fig. Details of tension and bend specimens from single- 
vee weld joint in thick aluminum-alloy plates 
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the joint design shown in Fig. 3. This design was 
chosen as representative of anticipated conditions in the 
shop and field where certain joints would be accessible 
from one side only. Figure 4 shows a cross section of a 
typical single-vee multiple-bead welded joint in thick 
38 plate. 

The size of the welded plates varied from 8 x 24 in. to 
30 x 48 in., depending on the number and type of test 
specimens required. The plates were clamped firmly 
to the steel frame of a welding table, with asbestos 
sheets between the plates and the table to prevent un- 
equal localized chilling. All welding was done in the 
flat (downhand) position, with the following welding 
conditions: 

Welding torch—manual, 800-amp. capacity, with 
5/,s-in.-diameter tungsten electrode and a gas 
nozzle with an inside diameter of °/3 in. 

Shielding gas—welding-grade argon, at a flow of 
about 1.2 cu. ft. per minute. 

Source of welding current —two 500-amp. a.-c. trans- 

formers connected in parallel (80 v., open circuit 

with a separate high-frequency current unit to aid 
in are starting and stabilization. 
Welding current—450 to 550 amp. 
Filler 25 wire 

Preheat of plates —approximately 300° F. 

In the welding of these plates, direct-current storage 
batteries in series with the welding circuit were used to 
reduce rectification of the alternating welding current. 
At this stage in the work, it appeared desirable to use 
positive means to prevent rectification, to assist in 
securing good welding conditions and weld quality. In 
the later tests with high-strength alloys, when the 
welding operators had gained more experience in the 


handling of thick aluminum plates, it was possible to 


od, “ 


Fig. 4 Cross section of single-vee weld joint in 2-in. 3S 
aluminum plate 
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make good welds, with no objectionable are instability 
or oxide-film interference during welding, without the 
use of the balancing storage batteries. 


Tests of the Welded Joints 


Preliminary Inspection of Weld Metal. Before the 
welded plates were cut up for strength tests they were 
radiographed, and cross sections of the weld joints were 
polished, etched and inspected at various magnifica- 
tions for porosity, oxide inclusions, weld- and psrent- 
metal cracks and other defects. In the initial stages of 
the work, some difficulty was encountered in producing 
porosity-free welds and in eliminating entrapment of 
the scum which sometimes formed on the surface of the 
weld pool. Occasionally, tungsten or tungsten-oxide 
inclusions were also observed in the radiographs; these 
occurred when the tungsten electrode got too hot and 
some of the molten electrode tip dropped into the weld 
pool, or when the electrode became contaminated with 
aluminum, causing a wild are and entrainment of tung- 
sten or tungsten oxide into the weld metal. No parent- 
metal cracks and very few weld cracks were observed. 
\s the welding techniques were improved, the occur- 
rence of cracks, excessive porosity and tungsten inclu- 
sions was eliminated. There was some evidence, on 
the surface of weld-metal fractures, of microporosity 
very small and uniformly distributed pinholes—but this 
did not noticeably affect the behavior of the strength 
test specimens. 

Strength Tests of Standard Specimens. Tension, bend 
and notched-bar impact specimens from the welded 
plates were tested at room temperature and —320° F., 
and a few at —420° F. The results of these tests are 
summarized in Table 3. 

At room temperature, the strength properties of the 
weld metal were almost equal to those of the as-received 
38 plate. The transverse tension tests of weld joints 
gave somewhat lower yield strengths than the all-weld- 


Table 3—Strength Properties of Welds Made in 2-In. 35 
Plate with 2S Filler Metal 


Charpy 


Ultimate Elonga- keyhole 


Testing Yield tensile tion notched 
Test temper- strength, strength, 2 in., bar, 
specimen ature, ° F. pst. pst. % ft.-lb. 
38 plate +75 9,000 19,000 36 17 
35 plate 320 2,300 41,000 43 18 
35 plate $20 43,000 26* 17 
Weld metalt +75 8,300 16,000 22 Il 
Weld metal 320 9,600 35,600 26 12 
Weld metal 420 41,000 28 12 
Weld joint? +75 6,300 15,300 30 
Weld joint 320 8,400 30,000 20 
Weld yoint§ +75 6,000 16,000 33 


* The room-temperature elongation of this shipment of 35 
plate (which was not used in the tests at +75° F. and —320° F. 
was 24%. Thus, there was no actual decrease in ductility at the 

120° F. temperature 

+ All-weld-metal '/.-in. round bars used in tension tests. 

t One-half-inch round bars, transverse to weld joint, used in 
tension tests 

§ Full-thickness flat-bar tension specimens (2- X 1-in. cross 
section ), weld reinforcement removed. 
Elongation in 8in. gage length including weld joint. 
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metal tests or the parent plate tests. This is attributed 
to the yielding of the annealed parent plate adjacent to 
the weld (which was included in the gage length on 
which extension under load was measured), and possibly 
to the directional properties of the weld deposit. Using 
as a basis the yield strength of 3S plate in the annealed 
condition (0 temper, 6000 psi.), the test data indicated 
that the welded joints could be considered as 100% 
efficient in transverse tension. 

The tests at —320 and —420° F. showed that neither 
the 38 plate nor the weld metal and weld joint suffered 
any loss in strength and ductility at the lower temper- 
atures. Indeed, the tensile strength at —320° F. was 
double that at room temperature, with no change or 
even a slight increase in the yield strength and the 
elongation. 

Some strength tests were also made on weld-joint 
specimens which had been subjected to about 30 cycles 
of cooling to —320° F. and reheating to room temper- 
ature. These specimens were tested at room temper- 
ature and at —320° F., and had the same strength 
properties as specimens which had not undergone the 
cyclic cooling. 

The Charpy-bar tests indicated that the weld metal 
had a lower energy absorption than the wrought 35 
plate, but this difference is small, and not significant 
except as it indicates the inherent difference in be- 
havior of cast and cold-worked metal. There was no 
change in the notched-bar properties at low temper- 
ature, and all of the bars, whether wrought parent plate 
or weld metal, broke with ductile fractures. While 
these results are reported here, to the writer’s knowl- 
edge there has never been a sound reason for a notched- 
bar test of 35 plate. 

Strength Tests of Large Welded Plates. To check the 
observations on the test specimens cut from the welded 
plates, other large plates of 38 were argon-are welded 
with 35 filler metal, and were bent or broken, full size, 


Fig. 3 
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under a 2700-Ib. board hammer falling from a height of 
about 4 ft., after having been cooled in liquid nitrogen 
to about —320° F. Numerous tests of this type were 
made, with the face or the root of the weld joint on the 
tension side of the bend, and with or without machined 
notches or simulated chisel marks and dents on the 
surface of the weld and in the adjacent heat-affected 
zone. 

Many of these welded plates required several blows 
of the hammer to start and complete a fracture. 
Approximate measurements of the energy absorbed by 
the board hammer in bending or breaking the specimens 
indicated that, when the specimens were constrained to 
break in the weld metal, less energy was required to 
produce the fracture than when unwelded plates were 
used. This is to be expected because of the somewhat 
lower ductility of the 28 weld metal as compared with 
the 38 wrought plate. In every case, however, the 
fracture was a progressive and completely ductile one. 


Typical 3S Aluminum Weldments 


Typical all-welded 35 aluminum structures are shown 
in Figs. 5 to 8, inclusive. The argon-are process was 
used in the fabrication of these weldments. 

Figure 5 shows an aluminum unfired pressure vessel, 
60 in. I. D. by 29 ft. over-all, with 1'/,-in. shell, 1'/,-in. 
heads and '/:-in. skirt. 

Figure 6 shows an aluminum heat exchanger, 50 in. 
I. D. by 18 ft. over-all, with 1°/,.-in. shell, 2-in. tube 
sheets, 2-in. shell at tube sheets, and */s-in. head and 
‘/-in. skirt. There are more than 2000 aluminum 
tubes, °/s-in. O. D., in the vessel. 

Figure 7 shows the welding of a bank of tubes for a 
heat exchanger. Each bank consists of tubes varying 
from */,to 10 in. in diameter. A model of an assembled 
heat exchanger is shown in Fig. 8. 


il-welded aluminum unfired pressure vessel. (Photograph, courtesy Stacey Brothers Gas Construction Co.) 
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THE STRENGTH OF WELD JOINTS IN HEAT- 
TREATABLE ALUMINUM-ALLOY PLATES 


When weight saving is not a primary consideration, 
and the required strength of the weldment can be ob- 
tained by simply increasing the thickness of the sec- 
tions, and when the optimum in weldability properties 


Fig. 6 All-welded aluminum heat exchanger. (Photo- 
graph, courtesy Stacey Brothers Gas Construction Co.) 


Fig.8 Model of assembled all-welded-aluminum tubular 
heat exchanger. (Photograph, courtesy Stacey Brothers 
Gas Construction Co.) 


and weld-joint ductility is desired, the use of the com- 
mon alloys such as 35 is indicated. However, there are 
applications where both high strength and light weight 
are desirable, and where it would be advantageous to 


use thinner sections because of the attendant savings in 
fabrication time and material. For these applications, 
it is necessary to consider the high-strength heat-treat- 
able alloys such as 145, 245, 615, 635 and 75S. 

The research at Battelle on the welding of the high- 
strength alloys is divided into two phases: (1) evalu- 
ation of the strength properties of weld joints made with 
the filler metals now available, and (2) the development 
of new filler alloys which will produce weld metals with 
higher strength and ductility, better response to the 
heat treatments used for the parent plates and less sus- 
ceptibility to weld-metal cracking. Since the number 
of plate alloy compositions to be tested was necessarily 


limited, 248, 618, and 75S were chosen as representative 


of the heat-treatable materials. 
The first phase of this work has been substantially 
Fig. 7 Argon-are welding of aluminum tubes for heat completed, and the results of some of the tests are given 


exchanger. (Photograph courtesy Stacey Brothers Gas 
Construction Co.) 


below. 


JuNE 1949 Voldrich—Thick Aluminum Plates 28 1-s 


Sue | 

| 


Preparation of Welded Plates 


The procedure used in the welding of the high- 
strength aluminum alloy plates was substantially the 
same as that used for the 38 weldments previously 
described. However, no attempt was made to eliminate 
rectification of the welding current. 

In addition, the preheating procedure was controlled 
more closely. The plate was not allowed to cool below 
the initial preheat temperature, nor to heat up exces- 
sively as welding progressed. It was important to 
maintain the minimum preheat and interpass temper- 
ature consistent with satisfactory welding, since most of 
the plate materials used suffer a deleterious change in 
strength properties if held for any length of time at 
temperatures much greater than 300° F. 

In the welding of the high-strength plates, no partic- 
ular difficulties were encountered in the manipulation of 
the weld pool and in securing fusion into the side walls 
cf the joint. Radiographs and macrosections of the 
welded plates revealed no harmful porosity or oxide 
entrapment. However, weld-metal cracking was a 
problem. For example, it was found impossible to 
make good welds with 61S filler rod in 618 alloy plate; 
all of these welds contained numerous small cracks. 
Crack-free welds with 75S filler and 755 plate were 
made only after the clamps holding the plates to the 
welding table were partially loosened, and the preheat 
increased from 300 to 400° F. 

In addition, macrosections of some of the welded 
joints, particularly those in 61S plate, revealed an 
occasional trace of eutectic melting in the heat-affected 
metal adjacent to the weld. Under unfavorable con- 
ditions of stressing during welding, this could result in 
cracking of the heat-affected parent plate. In the 


present tests no such cracking was observed, and 
possibly because of its orientation parallel to the plane 
of the plate, the eutectic melting had no deleterious in- 
fluence on the behavior of the tension and bend speci- 
mens. 

After the welded plates were radiographed, they were 
machined into test specimens in the as-welded condi- 
tion, or after heat treatment. Two kinds of heat treat- 
ment were used: (1) aging, using the temperature and 
time recommended for the particular plate alloy, and 
(2) solution heat treatment at a high temperature, 
followed by a water quench and aging at a lower tem- 
perature. 


W eld-Metal Strength Tests 


To determine the strength of weld metals resulting 
from the combinations of various filler rods and alloy 
plates, standard '/:-in.-round tension bars were ma- 
chined from the weld metal deposited in single-vee 
joints, as shown in Fig. 3. The results of the tension 
tests, which were conducted only at room temperature, 
are summarized in Table 4. 

Welds Made with 43S Filler Metal. The welds made 
with 435 filler rod had approximately the same vield 
and tensile strengths regardless of the composition of 
the base plate. The ductility of the welds in 61S plate 
was good, somewhat lower for the E24S8-T base plate, 
and on the low side for 758-T plate. 

No useful improvement in strength or ductility was 
obtained when the 438 welds were heat treated. Using 
the yield strength as a basis of comparison, the fully 
heat-treated 438 weld deposits were at most only one- 
third as strong as the parent plate: 


Table t—Strength of Weld Metals Deposited in High-5S 
Heat 


treatment 


trength Aluminum-Alloy Plates with Various Filler Metals* 


Ultimate 
Yield tensile Reduction 


Filler after strength, strength, Elongation in area, 
{ 


metal weldingt 
(Unwelded) As-reed. 
438 None 
438 STA 
716 None 
716 STA 
61S 
(Unwelded) As-reed. 
438 None 
438 STA 
716 None 
716 ST’ 
248 
248 
(Unwelded) 
38 


psi. 
39,000 
11,000 
13,000 
15,000 
41,000 


49,000 


OD 


AA 
me non 


se Tension tests of all-weld-metal '/.-in. round bars; data shown 
t STA signifies full heat treatment (solution heat treat, quench 


are average of 2 or more tests. 
and age). 


t All joints made with 615 filler rod cracked in the weld metal during welding; no tension test data now available. 


§ Both specimens tested fractured without vielding. 
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61ST 45,000 19 42 
E61ST 25,000 17 24 
E61ST 24,000 16 25 
E61ST 41,000 7 7 
57,000 5 6 
E248T 71,000 27 
h248T 14,000 31,000 14 
E24sT 16,000 34,000 19 
Ee 22,000 44,000 
38,000 54,000 7 
31,000 36,000 3 
E75ST 73,000 84,000 1 
E7587 13,000 26,000 10 
a E75ST 138 STA 19,000 31,000 14 3 
716 None 18,000 42,000 ” 
E75ST 716 STA 30,000 52,000 
758 None § 34,000 
4 E7581 758 STA 70,000 72,000 3 a 


Relative Strength of 435 Weld Deposits 


Yield strength 
of heat-treated 
base plate 


Yield strength 


of heat-treated Yield-strength 


Filler Base weld metal, (T condition), ratio, 
metal __ plate psi. psi weld /base 
438 13,000 39,000 0.33 
138 E248 16,000 49,000 0.33 
438 E758 19,000 73,000 0.26 


The conclusion may be drawn that, despite the rela- 
tively good welding characteristics and ductility of the 
435 filler metal, it is not a truly satisfactory filler metal 
for use with the alloy plates, because the strength of the 
plate itself is not sufficiently utilized. However, there 
are probably many applications in which the combina- 
tion of 61S plate and 435 filler can be applied to ad- 
vantage. This is because higher joint strengths can be 
obtained, despite the low joint efficiency, than if 35 
plate is used. 

Welds Made with 716 Filler Metal. 
were appreciably stronger than comparable welds made 
with 43S, but their ductility was much lower. When 
the 716 welds were heat treated, there was a marked in- 


These welds 


crease in yield and tensile strengths, with no loss in duc- 
tility. Again using yield strength as a basis, the per- 
formance of the fully heat-treated 716 welds was as 
indicated in the following table: 


Relative Strength of Type 716 Weld Deposits 


Yield strength 
of heat-treated 
base plate 


Yield strength 


of heat-treated (eld-strenagth 


Filler Base weld metal, (T condition), ratio, 
metal plate pst psi. weld /base 
716 L618 $1,000 39,000 1.05 
716 E248 38,000 49,000 0.78 
716 L758 30,000 73,000 0.41 


The above table indicates that the 716-618 com- 
bination results in weld metals with a strength, in the 
heat-treated condition, equal to that of the base plate. 

There is but little experience in the use of the 716 
alloy as a weld metal. If, however, the results con- 
tinue to follow the present trends, it is possible that the 
716 alloy may be adopted for use in the assembly of 
aluminum-alloy weldments. The 716 metal possesses 
very good welding characteristics, with the drawback of 
low ductility. 

Welds with Filler Metal of Same Composition as Base 
Plate. Where it was possible to make welds with filler 
metal of the same composition as the base plate, the 
weld metal had very good strength, particularly in the 
heat-treated condition, but the ductilities were rather 
low. The data in Table 4 show that, for welds in 
248-T plate, the 245 filler had no better properties than 
the 716 filler. The data for welds with 75s filler indi- 
cate that, while very high yield and tensile strengths 
can be obtained by fully heat treating the deposit, the 
ductility is very low. 

The present indications are that it is not practicable 
to use 24S, 61S and 75S alloys as filler metals in large 


Voldrich 


JuNE 1949 


Thick Aluminum Plates 


weld joints, principally because of their susceptibility to 
cracking during welding. However, the research now 
in progress on modifications of the complex filler alloys 
may bring out compositions with better-balanced com- 
binations of tensile strength and ductility, and im- 
proved welding characteristics. 

Influence of Dilution on Weld-Metal Strength. When 
the filler metal and the base plate are of different types, 
the composition of the weld metal depends on the 
amount of filler rod required to fill the groove, and on 
the amount of base plate that is melted into the weld. 
As a rule, it is safe to assume that the mixture of filler 
rod and base plate is thorough, and that the weld metal 
is uniform in composition and strength properties 
throughout. In the making of welds in thick plates, 
however, and particularly when single-vee joints are 
used, there may be an unequal dilution of base metal 
into the weld metal. This inequality in dilution is 
sometimes sufficient to cause a marked difference in the 
strength properties of the weld metal at various loca- 
tions in the joint. 

An example of this is shown in Table 5, which gives 
the tensile strength and ductility of all-weld-metal 
round bars cut from the top and bottom of a single-vee 
joint in 248-T plate. 

When 435 filler metal was used, the strength of the 
weld metal at the bottom of the joint was appreciably 
greater than at the top. Conversely, the ductility of 
the bottom weld metal was less than that of the top 
weld metal. This difference persisted even in fully 
heat-treated welds. 

When 248 filler metal was used in filling the groove in 
248-T plate, there was no difference in the strength 
properties of the weld metal at the top and the bottom 
of the joint. 

This variation in strength properties of weld metal in 


Table 5—Comparison of Strength of All-Weld-Metal Tene 
sion Bars from Top and Bottom of a Single-Vee Joint in 
Thick E24ST Plate 


Heat 
treat- Location Ultimate Elonga- Reduc- 
ment of Yield tensile tion tion in 
Filler after test strength, strength, 2 in., area, 
metal welding* bart pst. pst. % % 
135 None t 9,400 26,700 14 Is 
138 None b 18,300 34,600 7 
138 STA t 12,000 28,900 15 23 
138 STA b 20,000 38,800 12 15 
248 None t 30,900 36,100 2 3 
248 None b 31,400 36,300 2 3 
248 STA t $3,000 55,600 4 7 
248 STA b 43,300 57,000 4 8 
* STA—full heat treatment (solution treatment, quench and 
uge). 


+ Location of '/.-in. round bars, as shown below: 
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Fig. 9 Details of tension and bend specimens from 
double-U weld joint in thick aluminum-alloy plates 


deep grooves may be of considerable importance in 
weldments where the magnitude of applied loads is 
different on the two sides of the weld joint. The vari- 
ation can be eliminated, for all practieal purposes, by 
using joint designs with grooves of equal dimensions on 
both sides of the plate. 


Tests of Weld Joints 


The strength properties of welded joints in the alu- 
minum-alloy plates were also studied by means of full- 
thickness tension and side-bend specimens cut trans- 
verse to the weld joint. The details of the welded 
plates used for these tests are shown in Fig. 9, and typi- 
cal cross sections of the multiple-bead double-U weld 
joints are shown in Fig. 10. In this figure, the lower 
section is 1'/s-in. 248-T plate welded with 24s filler, in 


Fig. 10 Cross section of typical double-U weld joints in 
I'/,-in. 24S8-T plate 
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the as-welded condition. The upper section is a com- 
panion weld, using the same materials, after solution 
heat treatment and aging. Note the absence of the 
dark heat-effect bands in the heat-treated weld. 

The specimens for these tests were welded with «a 
procedure similar to that used for the all-weld-metal 
specimens, except that a double-U groove joint was 
used. This joint design was chosen because it required 
less weld metal than the single-vee joint, and because it 
was desired to prevent the warping of the plate which 
tends to occur when all welding is done from one side. 
With the double-U joint, the effects of unequal base- 
metal dilution and weld-metal strength across the joint 
were also eliminated, but this condition had not been 
anticipated when the double-U design was chosen, and 
was not a reason for choosing it. 

In addition, '/s-in.-round bar tension specimens were 
cut from the corners of the weld specimens, remote from 
the region directly affected by the welding heat, to de- 
termine the influence of the secondary heating (preheat ) 
on the properties of the base plate. 

For the tests of the E618 and E755 alloys, plates in 
two conditions of heat treatment—the W-temper and 
the T-temper-——were used. The objective was to de- 
termine the possible difference in the weld-joint strength 
of the two sets of plates, owing to the difference in their 
initial conditions; and also to determine if the strength 
of the W-temper specimens could be improved by aging 
after welding. While the plate material immediately 
adjacent to the weld is heated to a sufficiently high 
temperature to cause rapid overaging and annealing 
regardless of the initial temper of the plate, this zone is 
relatively narrow. In the outer, wider part of the heat- 
affected zone, the temperatures incident to welding are 
lower, and probably the heat effect varies with the 
initial temper. In W-temper plate, the welding heat 
tends to age the outer zone to a higher strength; while 
in T-temper plate, the effect is to overage the zone, with 
a loss in strength. 

If it could be demonstrated that, under proper weld- 
ing conditions, W-temper plate is not seriously overaged 
adjacent to the weld, assemblies of this material could 
be used in the as-welded condition, or their strength 
might be improved by aging after welding. The aging 
treatment is considerably simpler, obviously, than the 
full heat treatment (solution heating, quenching and 
aging) which is required if the material has been over- 
aged during welding. Another potential advantage in 
the use of W-temper material for weldments is that it is 
easier to form and bend than the harder and stronger 
T-temper material. 

Tests of Welds in E6G1S Plate. The strength data for 
weld joints in E618 plate are given in Table 6. With 
one exception, all of these weld joints failed in the weld 
metal, or in the weld metal and along the fusion line 
between the weld and parent plate. For this reason, 
the transverse tensile strength of the weld joints was 
about the same as the ultimate tensile strength of the 
all-weld-metal specimens listed in Table 4. The high- 
est joint efficiencies were obtained with the fully heat- 
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Table 6—Strength and Ductility of Double-U Weld Joints in 1'/.-In. E61S Plate 
Free-bend test 


Transverse tension test Elongation 
Heat Ultimate across 
Welding treatment tensile Joint Location Reduction Location weld, 
Filler temperature, after strength, efficiency, of in area at of 1-in. 
Plate* metal Ft welding? psi. fracture** fracture, fracture** gage, 
k61SW 35,000 P 46 P 2 
k61SW 438 300 None 23,000 51 WF 15 WF 17 
k61sSW 438 300 A 24,600 55 WF 6 Ww 15 
E61ST 45,000 38 70 
E61ST 438 300 None 23,600 52 WF 21 WwW 20 
E61ST 438 300 \ 25,300 56 WF 11 W 13 
E61ST 438 300 STA 42,600 95 WF 6 W 11 
E61ST 716 300 None 26,300 58 Ww 7 W 10 
716 300 STA 46,300 100 P 34 
E61ST 618 tt 


* Strength of unwelded plate given for comparison; see Table 2 

+ Preheat temperature and approximate average temperature of entire plate during welding. 

t A—aged 8 hr. at 350° F. STA—-solution treated 8 hr. at 970° F.; water quenched; aged 8 hr. at 350° F 

§ Full-thickness, flat-bar tension specimens, see Fig. 3. Values shown are averages for 2 specimens. 
Full-thickness, side-bend specimens, see Fig. 3. Values shown are for single specimens. 

¢ Based on tensile stre ngth of as-received E61ST plate. 

** P—plate; W-—weld metal; F—fusion line 

+t Joints made with 61S filler rod cracked in weld during welding 


treated specimens —95° 7 for the 438 weld and 100% metal tension tests. The ductility of the welds in 
248-T plate was lower than that of welds with similar 


for the 716 weld. 
The ductility measurements obtained from the free- filler metal in the 61S plate. 

bend tests show the same trend as did the elongation Tests of Weld Joints in E758 Plate. Table 8 gives 

the strength data for weld joints in E755 plate. In 

these welds, there was a greater tendency for the frac- 

ture to occur in, or partially in, the fusion line between 


and reduction in area measurements on all-weld-metal 
specimens. No yield strengths are reported for the 
transverse tension tests, because of the unequal vielding 


in the various zones—heat-affected metal, unaffected weld and base plate, and the tensile strengths of the 
metal and weld metal—included in the reduced-section transverse tension specimens were usually slightly 
gage length. lower than that of companion all-weld-metal speci- 

The fully heat-treated weld made with 716 filler mens. This suggests some metallurgical condition in 
metal in E61S-T plate is the first instance, in this in- the metal along the fusion line which makes it weaker 
vestigation, of a weld joint which was stronger than the than the heart of the weld metal. 


parent high-strength alloy plate. However, the free- While it was possible to produce heat-treated weld : 


bend tests and all-weld-metal tests show that this weld joints, using 758 filler metal in 755 plate, with a tensile 

metal has a relatively low ductility. strength of about 70,000 psi. and a joint efficiency of 
Tests of Welds in E24S-T Plate. The strength data about 85%, the ductility of the weld metal was so low 

for weld joints in E248-T plate are given in Table 7. that this type of weld may be considered unsatisfactory 

Here again, all specimens failed in the weld metal, and for most engineering applications. 

the strength of the welds made with the various filler Tests of Weld Joints in W-Temper Plates. The data 


in Tables 6 and 8 for W-temper plates of E618 and 


metals was abeut the same as observed in the all-weld- 


E2iST Plate 


Table 7—Strength and Duetility of Double-U Weld Joints in L'/.-In. 


Free nd test** 


Transverse tension test Elongation 
Heat Ultimate across 
Welding treatment tensile Joint Location Reduction Location weld, 
Filler temperature, after strength, efficiency, of in area at of I-in. 
Plate* metal weldingt psi. fracture® fracture, © fracture gage, 
70,000 P 18 P 31 
438 300 None 26,200 37 Ww $ WF 7 
438 300 \ 26,400 38 : W 6 
24ST 438 300 STA 36,000 51 Ww 6 W 8 
E24ST 716 300 None 38,200 55 W 4 W 5 
24ST 716 300 STA 50,800 73 WF 4 WF 6 
2458 300 None 32,700 47 Ww 3 3 
248 300 29,200 42 2 W 5 
248 300 STA 55,700 4 


* Strength of unwelded plate given for comparison; see Tabie 2. 
t Preheat temperature and approximate average temperature of entire plate during welding 
} A—aged 8 hr. at 375° F. STA—-solution tre ~ ‘d 8 hr. at 920° F.; water quenched; aged at room temperature 
$ Full-thickness, flat-bar tension specimens, see Fig. 3. Values shown are averages for 2 specimens. 

4 Based on tensile stre ngth of as-received 24ST plate 

€ P—plate: W—weld metal; F—fusion line 
** Full-thickness, side-bend specimens, see Fig. 3 


Values shown are for single specimens. 
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Heat Ultimate 
Welding treatment tensile 
Filler temperature, after strength, 

Plate* metal F.+ weldingt psi 
78,000 
438 300 None 20,000 
E758W 438 300 A 20,300 
438 300 STA 41,700 
758 100 None 23,000 
R758W 758 400 A 21,500 
758 400 STA 72,300 
82,000 
138 300 None 21,200 
h758T 438 300 A 25,200 
438 300 STA 40,400 
716 300, None 32,400 
h758T 716 300 STA 43,400 
75ST 758 400 None 23,800 
h758T 758 400 A 22,900 
E758T 758 400 STA 68,900 


Table 8—Strength and Ductility of Double-U Weld Joints in 1'/.-In. E75S Plate 


Free-bend test** 


Transverse tension test§ Elongation 

across 

Joint Location Reduction Location weld, 
efficiency, of in area at of I-in. 

sracture® fracture, fracture® gage, 

P 12 P Ig 

24 F <1 FP 2 
25 Wk <1 WF 3 
51 WF 3 WF 3 
28 Wr <i Ww <1 
26 Ww <1 WF 2 
SS Ww 1 WF 4 
> 12 P 24 
26 WE 1 F 4 
31 WF 2 WE 3 
49 WE 2 WF 2 
40 WE 2 WF 2 
5 Ww 4 WF 2 
29 WFP <1 Ww 2 
28 Ww <1 Ww 2 
S4 <1 Ww 4 


* Strength of unwelded plate given for comparison, see Table 2. 


t A-——aged 24 hours at 250° F 

§ Full-thickness flat-bar tension specimens, see Figure 3 
Based on tensile strength of as-received E75ST plate. 

P—plate; W—weld metal; F—fusion line. 

** Full-thickness side-bend specimens, see Figure 3. 


£755 alloys show that the specimens aged after welding 
were no stronger than those tested in the as-welded 
condition. While the aging treatment did in fact in- 
crease the strength of the base metal, there was no such 
response in the weld metal. Only the complete heat- 
treatment cycle of solution treatment, quench and age, 
produced worth-while improvement strength 
properties. 

These data do not lead to the conclusion that the idea 
of using W-temper plates has no merit. What is now 
lacking is a weld metal which will either respond to the 
} simple aging treatment, or which will have the neces- 
| sary strength and ductility in the as-welded condition. 
) With such weld metals, the parent plate would be 
called upon to do more work under load, and it would 
quite probably be possible to increase the strength of a 
W-temper weldment, at the weld and in the body of the 
assembly, by the simple procedure of low-temperature 


aging. 

In considering the feasibility of improving weld- 
metal properties by aging treatments, an important fae- 
tor is the welding procedure used. With almost all 
present procedures, weld joints in thick aluminum plates 
are filled bead by bead, layer by layer, and the heat of 
each weld bead has an aging effect on the weld metal 
previously deposited. Consequently, the weld metal 
may be subjected to progressive overaging, and in this 
state its strength properties cannot be improved by a 
postweld aging treatment—the full heat-treatment 
cyele is required. The data for aged and fully heat- 
treated specimens, in Tables 6, 7 and 8, support this 
It appears that one of the necessary attributes 
of weld-metal compositions which gain strength by ag- 
ing after welding will be a sluggish response to short- 
time heating, so that the overaging effect during welding 
will be small. 


view. 


Voldrich 


Values shown are for single specimens 


Thick Aluminum Plates 


+ Preheat temperature and approximate average temperature of entire plate during welding. 
STA—-solution treated 8 hours at 920 F; water quenched; aged 24 hours at 250 F. 
Values shown are averages for 2 specimens 


Influence of Secondary Heating During Welding on 
Strength Properties of the Alloy Aluminum-Alloy Plates. 
Since the preheat temperatures generally used in alu- 
minum welding are of the same order as the optimum ag- 
ing temperatures for the high-strength aluminum alloys, 
it is necessary to consider the possible influence of the 
preheat on the properties of the material, even in re- 
gions remote from the welding area. Obviously, when 
a weldment is fully heat treated after welding, the 
effects of the initial heating during welding are effaced. 
The problem is of importance principally in those cases 
where a weldment is to be used in the as-welded condi- 
tion, or after aging only. 

In most of the tests reported here, the failures were 
in the weld metal, and no data were obtained on the 
possible deleterious influence of the welding heat on the 
parent plate immediately adjacent to the weld joint. 
Some information, however, was obtained on the influ- 
ence of secondary heating (preheat) by measuring the 
strength properties of */2-in.-round bar tension speci- 
mens cut from the corner of the weld plate farthest from 
the weld joint (see Fig. 9). Specimens were taken from 
plates in the as-welded condition, whose only “heat 
treatment” was the 2- to 3-hr. period at the preheat 
temperature, and from plates which were either aged or 
fully heat treated after welding. The test data are 
given in Table 9. 

E61S-W Plate: The influence of secondary heating 
was to increase the vield and ultimate tensile strengths 
of the base material, with very little change in ductility 
(compare Tests 1 and 2). Plate material subjected to 
the 300° F. heating period and then aged for 8 hr. at 
350° F. (Test 3) had the strength properties of a fully 
heat-treated plate (Test 4). 

E61S-T: Since E61S-T plate is already in the aged 
condition (aging treatment 350° F. for 8 hr.), the 2- to 
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3-hr. period at about 300° F. did not affect the strength 
properties (compare Tests 4 and 5). Subsequent aging 
at 350° F., or a full heat treatment, likewise caused no 
change in the strength properties (Tests 6 and 7). 

£24S-T Plate: The £245-T plate used in these tests 
was aged at room temperature to obtain the strength 
properties shown by Test 8. The 300° F. welding pre- 
heat (Test 9) produced no significant change in strength 
properties, but when a similar plate was subsequently 
aged at 375° F. for 8 hr., there was an increase in yield 
strength and a loss in elongation and ductility (Test 
10). The recommended aging temperature for 245-T 
is room temperature, although the 375° F. treatment is 
sometimes used where higher vield strengths are de- 
sired. 

The E24S-T subjected to 300° F. preheat and then 
fully heat treated (Test 11) had the same strength 
properties as the original plate material. 

k75S-W: The recommended aging treatment for 
758 is 250° F. for 24 hr., and temperatures much in ex- 
cess of 250° F. are likely to produce some change in the 
mechanical properties. Comparison of Tests 12 and 
13 shows that there was a slight change in strength 
properties owing to the 2-hr. period at 300° F. during 
welding. The material aged after welding (Test 14) 
showed a marked increase in yield strength and some 
loss in elongation, while the plate fully heat treated 
after welding (Test 15) had strength properties similar 
to those of the 7558 plate received in the fully heat- 
treated condition (Test 19). 

In the welding of the E755 plate with 75s filler rod, a 
preheat temperature of 400° F. was used. This tem- 


perature was sufficiently high to produce, during the 2- 
to 3-hr. welding period, a marked loss in yield and ten- 
sile strengths, with a drop in elongation but some in- 
crease in reduction of area (Test 16). This indicated 
that the 400° F. temperature was sufficient to cause an 
overaging of the W-temper material. When a similar 
plate welded at 400° F. was aged at the recommended 
temperature (250° F. for 24 hr.), the improvement in 
strength properties which normally accompanies the 
aging treatment was not obtained, because the plate had 
“already been overaged during the 400° F. welding period 
(Test 17). 

When the plate which had been preheated at 400° F 
was fully heat treated (Test 18), the resulting strength 
properties were comparable to those of E75S-T material 
(Test 19). 

E75S-T Plate: This is material in a fully heat- 
treated and aged condition, and no change in strength 
properties was produced by a 2-hr. period at 300° F. 
(compare Tests 19 and 20). A subsequent aging period 
of 8 hr. at 275° F. (Test 21), and full heat treatment 
(Test 22), likewise produced no change in strength 
properties. 

When a preheat temperature of 400° F. was used, 
there was a marked decrease in yield and_ tensile 
strengths of the plate (Test 23), and aging after welding 
was of no avail because the plate material was now in an 
overaged condition (Test 24). However, when the 
plate initially heated at 400° F. during welding was 
fully reheat treated (Test 25), the resulting strength 


properties were the same as for the original E755-T 


plate. 


Heat 


Welding treatment 
temperature, after 
Test Plat weldingt 
k61SW 
2 300 None 
3 E61ISW 300 \ 
E61ST 
5 300 None 
6 E61ST 300 A 
7 300 STA 
S 
0 300 None 
10 300 A 
11 300 STA 
12 
13 300 None 
4 300 \ 
15 300 STA 
16 400 None 
17 400 \ 
IS 100 STA 
10 
20 300 None 
21 300 \ 
22 300 STA 
23 None 
24 400 \ 
25 400 STA 


Table 9—Influence of Secondary Heating During Welding, and Heat Treatment After Welding, on the Strength Properties 
of the Base Plate in Regions Kemote from the Weld Area* 


Ultimate 


Yield tensile Reduction 
stre ngth, stre ngth Elongation in area, 
psi. psi Sin., % 
21,400 35,600 28 
30,000 42,100 22 43 
40,400 47,400 17 30 
39, 100 45,200 19 42 
39,600 45,300 18 42 
40,100 45,800 18 42 
40,400 45,400 18 40 
49,100 70,900 22 27 
45,400 68,300 22 27 
57,700 68,800 12 2% 
45,000 68,500 24 29 
56,800 79,600 16 21 
62,900 74,500 14 27 
67,000 78,000 12 22 
72,500 83,200 16 23 
$4,800 59,700 11 30 
45,000 58,500 11 28 
74,200 85,000 15 26 
73,300 83,600 14 19 
73,500 81,900 12 
72,500 81,200 13 21 
71,300 80,500 13 17 
49,600 61,600 9 22 
$5,300 58,700 11 34 
73,600 84,400 17 20 


* See Fig. 3. 


+ Preheat temperature and approximate average temperature of entire plate during welding. 


t For heat-treatment details, see Tables 6, 7 and 8. 
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Effect of Welding Heat on Corrosion Resistance 
of Base Plate 


Since the above investigations were concerned pri- 
marily with the strength of welded joints, the possible 
effect of welding on the corrosion resistance of the plate 
materials was not considered. The corrosion resistance 
of some of the alloys, particularly 248 and 75s, is 
greatly influenced by their heat treatment, and by the 
heat incident to welding operations. In any applica- 


tion of these alloys in welded structures which are to be - 


exposed to corrosive media, the matter of proper heat 
treatment after welding, and of surface protection by 
painting, should be considered, and tests made to de- 
termine the corrosion-resisting properties of the weld- 
ment. 


CONCLUSION 


The researches described above demonstrate the prac- 
ticability of welding thick aluminum plates into useful 
engineering structures. The tests show that, for the 
aluminum alloy 38, welding methods and filler metals 
are now available which will produce weld joints with 
strength and ductility approaching those of the base 
metal; and furthermore, that these strength properties 
do not change, but even improve, at the low temper- 
atures which obtain in the operation of equipment such 
as that for oxygen manufacture. 

The results of the investigations also show that at 
least some of the heat-treatable aluminum alloys can 
now be welded in thick sections, with weld-joint 
strengths far greater than those obtainable with the 
common alloys, 25 and 38. However, with the tech- 
niques and filler metals now available, the welding of 
the heat-treatable alloys is still attended to an undesir- 
able degree by the hazard of weld-metal or parent-metal 
cracking during welding. Except at the lower strength 
levels, the ductility of the welds is quite low for most 
engineering applications. There is also the problem of 
the influence of the welding heat on the properties of the 
parent plate, which will become more important as the 
strength properties of the weld metal are improved. 

The indications, at least for the time being, are that 
weldments made of thick plates of the high-strength 
aluminum alloys are practicable if the design is based on 
“as-welded” strength properties. There are several 
reasons for this limitation. First, the filler metals now 
recommended (438 and, possibly, 716) produce welds 


which do not increase in strength if aged after welding. 
Consequently, there is not much advantage in aging the 
weldment, except, in certain alloys, to obtain an im- 
provement in corrosion characteristics. Second, full 
heat treatment does not improve the strength proper- 
ties of the weld metals, or increases only the yield and 
tensile strengths, with the ductility remaining at an 
undesirably low level. Therefore, the efficiency of the 
welded joints in a structure is not usefully improved by 
subjecting the structure to a full heat treatment after 
welding. Third, the solution heat treatment and 
quenching of aluminum-alloy weldments, especially 
large and complex ones, is a difficult and delicate pro- 
cedure, because aluminum has very low strength at the 
temperatures required for solution treatment, and be- 
cause it is necessary to maintain very good control of 
the temperatures, furnace atmospheres and quenching 
rates. 

Research on the above and related problems is pro- 
ceeding on an increasing scale in many fabrication 
plants and laboratories. There are very promising 
developments in new filler-metal compositions. The 
low-temperature strength of welded joints in the heat- 
treatable alloys is being determined. Equipment for 
aluminum welding, including torches, transformers and 
auxiliary apparatus, is being improved. Methods for 
mechanizing the argon-are welding process, such as 
those which have been so successful in thin-gage appli- 
cations, are being investigated for the welding of thick 
aluminum plates. 

New and different methods of welding aluminum are 
being studied and applied. These range from welding 
at room temperature (no heat applied to the work), 
flash welding and submerged-melt welding to methods 
in which are welding is done with bare aluminum elec- 
trodes in shielding atmospheres. Research on the last- 
named process, Aircomatic, at the Airco Research 
Laboratories and at Battelle, is in advanced stages. 
This process shows great promise for many applica- 
tions, since it involves no chemical fluxing, and makes 
possible manual welding in all positions, and automatic 
welding at rates considerably greater than those obtain- 
able with the methods now commonly used. 

The results of this widespread research have already 
been applied in the fabrication of many large aluminum 
weldments, and there are encouraging indications that 
at least some of the more exacting desires of design 
engineers and fabricators will ultimately be realized. 


Voldrich 


Thick Aluminum Plates 
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HERE’S A BOOK 


that’s full of 
things 

you want 
to know... 


Here 
you'll find: 


Complete roster of 
Anaconda Welding Rods 
... their composition, 
application and detailed 
notes on rod selection. 


Procedure for bronze welding of 
iron, steel, copper and 
copper alloys. 


Oxy-acetylene Practice with the 
various Anaconda Rods. 


Electric arc welding with 
Anaconda Rods. 


The American Brass Company 


Waterbury 88, Connecticut 


Gentlemen : 


Inert-gas-shielded arc method. 


Please send me, without charge, your 24-page reference book on ‘‘ Anaconda 
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Anaconda Back-up Bars I 
and Plates. Welding Rods.” 

| 

| 
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Holtite* Brazing Metal. 


Temperature Colors. 


Weights and Melting Points, 
Anaconda Welding Rods. 

Company 
Temperature and Conversion if 
Chart, with melting Points and Addvees 


City State 


* Pat. Of 49150 


And here’s the easy way to get it... ; 


iitiiieninim Bronze Weld Deposits of 


Strength, high ductility 
and good corrosion resistance 


on bronzes, cast and malleable 
iron and dissimilar metals 


AIRCO NO. 100 ELECTRODE 


The Airco No. 100 is a shielded are. 
general-purpose, aluminum bronze 
electrode for flat and horizontal 
welding with D-C. reversed polarity. 

This popular electrode is used 
for produci sound, clean welds 
having high mechanical properties 
on bronzes. Muntz Metal and brass 
...and also on malleable iron. 
clean cast iron and steel. 

For welding harder grades of 
aluminum bronze — in the flat posi- 
tion with D-C, reversed polarity — 
Airco Nos. 116, 120. 125 and 130 
Electrodes are used for their prop- 
erties as non-ferrous, hard, overlay 
deposits — which are corrosion and 
acid resistant. 

For more information on Airco 
No. 100, as well as Nos. 116. 120, 
125 and 130 Electrodes, write your 
name and address on the margin 


below and send it to your nearest 
Airco office or authorized dealer for 
a copy of Catalog No, ADC-650A. 
* * * 

Air Reduction supplies Oxygen, 
Acetylene and other industrial 
gases... Carbide... and a complete 
line of gas cutting machines, gas 
welding apparatus and supplies. 
plus are welders, electrodes and 
accessories, Ask us about anything 
pertaining to gas welding and cut- 
ting. and are welding ... we'll be 
glad to help you. 


Over 25 different 
types to fit most any 
problem involving 
the welding of stain- 
less steels. For ap- 
plication with D-C, 
reversed polarity 


most electrodes are furnished with a heavy 
extruded lime type coating. For all position 
A-C or D-C application all but the straight 
chrome analysis are obtainable with an ex- 
truded titania type coating. 


high-speed, light-weight 


A heavy-duty, 


machine designed to furnish smooth, steady 
current for every D-C are welding job 
even under severe operating conditions. 200, 
300 and 400 ampere sizes ere available. 


This machine is 
° known for its im- 
proved electrical 
| efficiency at rated 
| loads, wide current 
14 range, low open 
circuit voltage (75 
volts), vastly im- 
proved power fac- 
tor, quiet operation and minimum mainte- 
nance. There is a size available for every 

A-C welding purpose 


A complete line of Jackson tong type and 
Martin Wells screw type holders are avail 
able in various amperages and sizes, 


GIRCO) Air REDUCTION 


Offices in Principal Cities 
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